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Abstract 

Currently,  no  capability  exists  to  simulate  and  measure  a  Joint  Task  Force-Port 
Opening  (JTF-PO)  operation  in  a  safe,  cost-effective  manner  in  order  to  predict  cargo 
throughput  based  on  the  availability  of  resources.  The  purpose  of  this  research  is  to 
create  a  decision  model  through  the  use  of  Arena®  simulation  software  to  provide  United 
States  Transportation  Command  (US  TRANS  COM)  decision  makers  the  ability  to  predict 
cargo  throughput  under  a  Humanitarian  Assistance/Disaster  Response  (HA/DR)  scenario. 
The  data  used  in  the  construction  of  this  simulation  was  taken  from  the  JTF-PO 
involvement  in  Operation  UNIFIED  RESPONSE,  Port-au-Prince,  Haiti  2010.  This 
research  uses  a  design  of  experiments  approach  to  statistically  plan  and  measure  the 
throughput  of  cargo  based  on  the  adjustment  of  working  and  distribution  maximum  on 
ground  (MOG)  resources.  The  resulting  simulation  model  provides  decision  makers  the 
ability  to  allocate  multiple  JTF-PO  resource  quantities  to  determine  potential  bottlenecks 
in  cargo  throughput  in  order  to  plan  for  future  operations. 
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A  DISCRETE-EVENT  SIMULATION  MODEL  FOR  EVALUATING  JOINT 
TASK  FORCE-PORT  OPENING  OPERATIONS  IN  A  HUMANITARIAN 
ASSISTANCE/DISASTER  RESPONSE  SCENARIO 

I.  Introduction 

Background 

Expeditionary  Air  Eorce  units  designed  to  open  airfields  are  not  new  to  the 
military,  but  a  rapidly  deployable  multi-modal  and  distribution  concept  is  a  young 
capability.  Since  World  War  II,  the  Air  Eorce  has  slowly  transitioned  from  massive  war¬ 
fighting  capability  stationed  all  around  the  world  to  a  light,  lean,  and  lethal  expeditionary 
capability  designed  to  deploy  to  anywhere  in  the  world. 

During  an  overarching  Air  Eorce  service  restructure  in  1997,  numerous  functions 
required  to  operate  forward  mobility  locations  were  realigned  under  one  command.  Air 
Mobility  Command.  The  Air  Mobility  Operations  Group  (AMOG)  was  formed  to 
establish  key  capabilities  needed  to  rapidly  open  and  operate  an  airfield  under  deployed 
conditions  for  short  periods  of  time.  (Zahn,  2007)  In  1999,  the  transition  from  AMOG  to 
a  new  concept  called  the  Contingency  Response  Group  (CRG)  was  initiated  by  General 
John  P.  Jumper,  Commander  United  States  Air  Eorces  in  Europe  (USAFE).  The  benefit 
of  the  CRG  lies  in  the  cross-functionality  of  its  40  Air  Eorce  capabilities  under  a  single 
commander.  (Jumper,  1999)  In  2005,  the  Defense  Science  Board  Task  Eorce  on 
Mobility  identified  the  need  for  improvements  in  expeditionary  rapid  port  opening, 
throughput  capabilities,  movement  synchronization  and  increased  asset  visibility.  After 
action  reports  from  contingency  operations  such  as  Operations  ALEIED  EORCE, 
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ENDURING  EREEDOM,  and  IRAQI  FREEDOM  highlighted  the  ehallenges  of 
integrating  port  and  distribution  operations.  In  response  to  the  board,  United  States 
Transportation  Command  (USTRANSCOM)  built  upon  the  eapability  of  the  CRG  and 
ereated  the  Joint  Task  Eoree-Port  Opening  (JTF-PO)  eoneept  whieh  reaehed  initial 
operation  eapable  (IOC)  on  2  November  2006.  JTE-PO  provides  the  eapability  to  rapidly 
deploy  eontingeney  response  Air  Eoree  and  Army  personnel  for  initial  theater  Aerial  Port 
of  Debarkation  (APOD)  deployment  and  distribution  operations  within  12  hours  notiee. 
(USTRANSCOM,  2009)  To  maintain  superiority  in  this  eapability,  joint  foree  personnel 
and  equipment  must  maintain  an  alert  status  365  days  a  year. 

Problem  Statement 

Currently,  no  eapability  exists  to  simulate  and  measure  a  Joint  Task  Eoree-Port 
Opening  operation  in  a  safe,  eost-effeetive  environment  in  order  to  determine  the  best 
mix  of  resourees  needed  in  order  to  maximize  eargo  throughput.  The  benefits  of  a  good 
planning  tool  will  allow  USTRANSCOM  the  ability  to  better  estimate  resourees  needed 
and  identify  potential  bottleneeks  through  the  use  of  Arena®  Simulation  software.  The 
logieal  progression  of  this  researeh  evaluates  the  faetors  eurrently  used  in  the  JTE-PO 
proeess  as  well  as  experimenting  with  the  ehanges  in  resouree  eapaeities. 

Research  Objective 

The  purpose  of  this  researeh  is  to  ereate  a  deeision  model  through  diserete-event 
simulation  to  support  JTE-PO  operational  planning  in  order  to  determine  the  best  mix  of 
resourees  eritieal  in  maximizing  eargo  throughput  under  a  Humanitarian 
Assistanee/Disaster  Response  (HA/DR)  seenario.  Aireraft  and  eargo  data  eolleeted  from 
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Operation  UNIFIED  RESPONSE  will  be  used  to  input  into  the  model.  In  order  to 
provide  USTRANSCOM  a  preferred  deeision  model,  the  following  researeh  question 
(RQ)  is  addressed: 

RQ:  What  eombination  of  JTF-PO  resourees  maximize  the  throughput  of  inbound 
eargo  given  the  eonditions  of  an  HA/DR  environment? 

In  order  to  answer  the  researeh  question,  the  following  investigative  questions  (IQs) 
are  addressed. 

IQl:  What  is  the  throughput  of  inbound  eargo  under  planned  eoneept  of  operations 
given  the  eonditions  of  an  HA/DR  environment? 

IQ2:  How  does  inbound  eargo  throughput  respond  to  a  change  in  the  working 
maximum  on  ground  (MOG)  resources  given  the  conditions  of  an  HA/DR 
environment? 

IQS:  How  does  inbound  cargo  throughput  respond  to  a  change  in  the  distribution 
MOG  resources  given  the  conditions  of  an  HA/DR  environment? 

Assumptions/Limitations/Observations 

The  model  created  for  this  research  is  built  upon  assumptions  derived  from 
Department  of  Defense  Regulations,  JTF-PO  subject  matter  experts  (SMEs)  and  the  data 
collected  from  the  Operation  UNIFIED  RESPONSE  after  action  report  (AAR)  in  Port- 
au-Prince,  Haiti  16  January  -  17  February  2010. 

Assumptions 

1.  Operation  UNIFIED  RESPONSE  aircraft  arrivals  rates  and  times  are 
representative  of  future  scenarios. 
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2.  90%  of  all  cargo  is  palletized  at  10,000  pounds  eaeh. 

3.  All  palletized  eargo  is  loaded  on  the  standard  military  463 L  pallet. 

4.  Missing  aireraft  eargo  data  is  treated  as  an  empty  aireraft. 

5.  No  known  delays  in  aireraft  ground  handling,  or  eargo  distribution  were 
annotated  and  are  assumed  out  of  the  model. 

6.  Serviee  times  for  aireraft  are  ealeulated  as  the  differenee  between  the  arrival 
and  departure  of  all  aireraft. 

7.  Individual  aetions  within  the  timeframe  of  aireraft  servieing  were  not  eaptured 
and  therefore  assumed  to  be  faetored  into  the  serviee  times.  They  are  as 
follows,  aerial  port  teams’  transportation  to  aireraft,  amount  of  time  to 
download  eargo,  transport  of  eargo  from  aireraft  to  elearanee  yard,  and  any 
required  upload  of  passengers  or  eargo. 

8.  All  eargo  is  destined  to  the  final  staging  point  at  the  Forward  Node. 

9.  Transport  time  of  taxiing  aireraft  is  held  at  a  eonstant  five  minutes. 

10.  The  main  supply  route  is  10  kilometers  long. 

1 1 .  Truek  speed  on  the  main  supply  route  is  15  kilometers  per  hour. 

12.  Transport  time  on  the  main  supply  route  is  40  minutes  one  way  between 
elearanee  yard  and  forward  node. 

13.  Trueks  are  available  at  all  times  to  reeeive  cargo  at  the  distribution  point. 

14.  Trueks  used  by  the  eustomers  have  the  same  eharaeteristies  as  the  Heavy 
Expanded  Mobility  Taetieal  Truek  (HEMTT). 

15.  Customer  trueks  take  a  standard  20-30  minutes  to  load. 
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Limitations 

1.  The  model  only  captures  the  offload  and  distribution  of  cargo  and  does  not 
capture  any  upload  operations. 

2.  The  model  remains  within  the  bounds  of  the  JTF-PO  operation  from  aircraft 
arrival  to  distribution  of  cargo. 

3.  The  model  considers  that  cargo  is  only  issued  from  the  distribution  yard. 

4.  The  model  does  not  consider  passenger  processing  operations. 

Observations 

1 .  High  fidelity  of  aircraft  arrival  data  from  AAR: 

Of  the  3,006  reported  aircraft  arrivals  in  37  days,  2,561  arrivals  in  32  days 
were  recorded  (85%  of  reported  missions  on  the  after  action  report). 

2.  High  fidelity  of  aircraft  service  times  with  n  >  12  arrivals  into  the  location: 

Of  the  2,561  arrivals  into  the  location,  94  different  aircraft  types  were 
recorded.  Any  aircraft  that  arrived  more  than  12  times,  and  were  recorded  as 
being  serviced,  were  selected  to  use  in  the  simulation.  This  resulted  in  a 
sampling  of  the  top  20  aircraft  with  an  overall  n  =  2,300  arrivals  serviced 
(99%  of  collected  aircraft  arrival  data). 

3.  Moderate  fidelity  of  aircraft  cargo  weight  data  collected  from  aircraft  service 
times: 

Of  the  2,300  aircraft  serviced,  882  aircraft  were  identified  as  cargo 
carrying  aircraft;  516  of  those  aircraft  were  recorded  with  cargo  weight  data 
(59%  of  collected  cargo  aircraft  service  data). 
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4.  82%  of  aircraft  arrived  via  US  commercial  or  international  thus  a  majority  of 
the  eargo  was  not  in  the  traditional  463L  pallet  eonfiguration.  Cargo  arrived 
loose,  civilian  pallet  sized  (1.5  times  larger  than  the  463L  pallet)  or  warehouse 
skid  configuration.  For  reporting,  all  eargo  was  converted  to  a  463 L 
equivalent  pallet. 


Summary 

This  researeh  will  aim  to  develop  a  simulation  model  that  enables 
USTRANSCOM  the  ability  to  evaluate  and  make  informed  deeisions  on  the  amount  of 
resourees  needed  to  deploy  a  JTF-PO  in  a  Humanitarian  Assistanee/Disaster  Response 
seenario. 
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II,  Literature  Review 

Introduction 

This  chapter  will  provide  background  in  regards  to  the  purpose  of  this  researeh. 
The  first  section  will  discuss  the  requirements  of  United  States  Transportation 
Command’s  Joint  Task  Force-Port  Opening  (JTF-PO)  Concept  of  Operations  (CONOPS). 
This  will  be  followed  by  a  deseription  of  Operation  UNIFIED  RESPONSE  and  the  JTF- 
PO  involvement  in  support  of  the  humanitarian  assistance  provided  to  the  city  of  Port-au- 
Prince,  Haiti  following  the  devastating  7.0  earthquake  in  early  2010.  Finally,  the  ehapter 
will  conelude  with  a  discussion  of  previous  research  that  utilized  simulation  as  a  tool  for 
logistie  studies. 

Joint  Task  Force-Port  Opening 

Humanitarian  operations  in  Central  Command  (Pakistan  earthquake),  Paeific 
Command  (Operation  UNIFIED  ASSISTANCE)  and  Northern  Command  (Hurricane 
Katrina)  presented  the  need  for  a  better  distribution  eapability.  (USTRANSCOM,  2009) 
Furthermore,  contingency  operations  sueh  as  Operations  ALEIED  FORCE,  ENDURING 
FREEDOM  and  IRAQI  FREEDOM  re-iterated  the  need  for  the  same.  (USTRANSCOM, 
2009)  The  2005  Defense  Scienee  Board  Task  Foree  on  Mobility  identified  the  need  for 
improvements  on  expeditionary  rapid  port  opening  and  throughput  capabilities, 
movement  synchronization  and  increased  asset  visibility.  (USTRANSCOM,  2009)  Air 
Mobility  Command  (AMC)  already  maintains  the  capability  to  support  USTRANSCOM 
requirements  for  Aerial  Port  of  Debarkation  (APOD)  contingency  operations  through  the 
use  of  its  Contingency  Response  Groups  (CRG),  but  lacks  the  distribution  surface 
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capability  to  support  a  joint  distribution  network.  (USTRANSCOM,  2009)  This 
established  a  need  to  ereate  a  rapid  response  Army  distribution  unit  to  supplement  the 
shortfall  eapability  that  has  been  desired  on  many  AARs  over  the  years.  The  Rapid  Port 
Opening  Element  (RPOE)  was  ereated  from  a  series  of  Army  transportation  and  supply 
capabilities  and  resides  under  the  eontrol  of  the  Surfaee  Deployment  and  Distribution 
Command  (SDDC).  Together,  the  two  units  form  what  is  known  as  a  Joint  Task  Eoree- 
Port  Opening  (JTE-PO). 

USTRANSCOM  (2009)  defines  the  mission  of  a  JTE-PO  in  its  Coneept  of 
Operations  (CONOPS)  below: 

“Provide  a  joint  expeditionary  eapability  to  rapidly  establish  and  initially 
operate  a  port  of  debarkation  and  distribution  node,  faeilitating  port 
throughput  in  support  of  eombatant  eommander  executed  eontingeneies. 

The  JTE-PO  combines  Air  Eoree  and  Army  eapabilities  to  provide  the 
CDR  USTRANSCOM  with  a  ready-to-deploy,  jointly  trained  foree  for 
rapid  port  opening  and  establishing  the  initial  distribution  network.  JTE- 
PO  facilitates  Joint  Reeeption  Staging  Onward  Movement  and  Integration 
(JRSO&I)  (JP  4-01.8,  13  June  2000)  and  theater  distribution  (JP  4-01.4,  9 
April  2002)  by  providing  an  effeetive  interfaee  with  the  theater  Joint 
Deployment  and  Distribution  Operations  Center  (JDDOC)  and  other  C2 
organizations  from  the  onset  of  operations.  JTE-PO  functions  are  listed 
below.” 

1 .  APOD  assessment 

2.  Distribution  network  assessment 

3.  Establishment  of  C2  with  eonneetions  to  theater  JDDOC  and 
funetional  eomponents 

4.  APOD  opening  and  initial  operation 

5.  FN  opening  and  management 

6.  Cargo  and  passenger  transfer  operations 
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7.  Movement  eontrol  ineluding  eoordination  for  onward  movement  of 
arriving  eargo  and  passengers 

8.  Establishment  of  joint  ITV  and  RFID  network 

In  order  for  the  JTF-PO  to  aehieve  the  desired  eapabilities  required  by  the 
supported  Combatant  Commander  (CCDR),  a  list  of  shorteomings  previously  identified 
from  past  operations  is  matehed  to  JTF-PO  eapability  responses  in  Table  1. 

Table  1;  JTF-PO  Shorteomings  &  Assoeiated  Capabilities  (USTRANSCOM,  2009) 


APOD  Distribution  Shortcoming 


JTF-PO  Capability 


Ad  Hoe  Deployment/Distribution  C2 


Limited  eapability  to  establish 
EN  &  network 

Limited  ability  to  rapidly  elear  eargo 
Limited  initial  port  assessment 


Limited  movement  eontrol 

•  Limited  eapability  to  eoordinate 
eargo  onward  movement 
Limited  ITV 


Jointly  trained  &  jointly  led  Air  and 
Surfaee  elements  w/habitual 
relationships  and  supporting 
eommunieations  systems 
Designed  to  assess  and  open  a  FN  & 
network  assoeiated  with  APOD 
Organie  or  eontraet  transportation  to 
rapidly  elear  eargo  to  FN 
Joint  Assessment  Team  (JAT)  to  eonduet 
foeused  APOD  airfield  and  distribution 
assessment 

Dedieated  Surfaee  element  to  eonduet 
movement  eontrol  operations 
Dedieated  Surfaee  element  to  eoordinate 
eargo  onward  movement 
Organie  ITV  (ineluding  RFID)  to  provide 
visibility  of  forees/eargo  at  APOD  and 
node 
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USTRANSCOM  (2009)  identify  the  throughput  capability  of  the  APOD  mission 
through  the  CONOPS  below: 

“A  JTF-PO  APOD  has  a  designed  capability  to  handle  a  working 
Maximum  on  Ground  (MOG)  of  two  C-17s  at  a  time,  operating  24-hour/7- 
days  per  week  operations  in  no-/low-light  conditions.  A  JTF-PO  can 
receive,  temporarily  stage  and/or  transload  onto  surface  transport  to  one 
forward  distribution  node  (within  10  KM  of  APOD)  560  short  tons 
(combination  of  rolling  stock  and  cargo)  in  a  24-hour  period.  This 
planning  figure  assumes  that  90  percent  of  the  cargo  arrives  on  single 
463L  pallets  (average  pallet  weight  4,000  lbs)  and  remains  on  463L  pallets 
for  onward  movement  to  the  follow-on  theater  Forward  Node  (FN)  or  to 
destination.” 


JTF-PO  (APOD)  Designed  Capability 


T 


CCDR  /  Service  Component  Roles 

•  Theater  Distribution 

•  JRSOI 

•  Force  Protection 

■  Augmentation 

•  Sustainment 

•  Pax  Reception 

•  Logistical  Support 

•  Life  Support 

Airfield 

-MOG2xC-17s 

-24/7  Ops,  No-/low-light  Ops 

-  Commercial  Cargo  Acft 


■V 


y 


Open  /  Operate  APOD 


Aircraft  Cargo/Pax  Handling 


Cargo/Pax  Movement  Control 


Immediate  Cargo/Pax  ITV 


Distribution  Node  - 10  km 

-  560  STONS/Day 

-  90%  Pallets 
-150  Pax/6  Hours 


Permissive  -  Uncertain 
Local  Environment 


Facilitate  JRSOI/Theater  Distribution 


Figure  1:  JTF-PO  Operational  View  -  Designed  Capability  (USTRANSCOM,  2009) 
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The  JTF-PO  capability  is  packaged  into  three  Courses  of  Action  (COAs)  and  is 
based  on  likely  employment  scenarios.  The  scenarios  in  Table  2  are  designed  to  offer 
decision  makers  the  ability  to  easily  tailor  JTF-PO  forces  into  deployable  configurations 
under  predefmed/baseline  configurations.  (USTRANSCOM,  2009)  This  research  will 
capture  the  JTF-PO  Heavy  Footprint  Capability  COA  due  to  the  nature  of  the  data 
obtained  from  historical  records. 


Table  2:  JTF-PO  Planning  Scenarios  (USTRANSCOM,  2009) 


JTF-PO  Heavy  Footprint  /  Capability 

JTF-PO  Heavy  Airlift 

•  Austere  airfield  (bare  base) 

9  Surface  Element 

•  Uncertain  Environment,  Significant  Contingency 

•  24/7,  No-/Eow-light  ops,  MOG  2xC-17s 

7  Air  Element 

•  90%  pallets,  560  Short  Tons  (STONS)/day,  150 

pax/6  hours 

16  C17  equivalent  (estimated) 

•  Node  1 0km  off  APOD,  no  HN/Commercial 

trucks 

JTF-PO  Medium  Footprint  /  Capability 

JTF-PO  Medium  Airlift 

•  Established  airfield 

5  Surface  Element 

•  Permissive  Environment,  Major  Humanitarian 

Assistance  Disaster  Relief  (HA/DR) 

5  Air  Element 

•  24/7,  Night  ops  ,  MOG  2xC- 17s 

•  90%  pallets,  560  STONS/day 

10  C17  equivalent  (estimated) 

•  Node  10km  off  APOD,  HN/commercial  trucks 

JTF-PO  Light  Footprint  /  Capability 

JTF-PO  Light  Airlift 

•  Established  airfield 

3  Surface  Element 

•  Permissive  Environment,  Moderate  HA/DR 

•  12/7,  Daylight  only  ops,  MOG  lxC-17 

3  Air  Element 

•  90%  pallets,  140  STONS/day 

•  Node  adjacent  to  parking  ramp 

6  C17  equivalent  (estimated) 
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Currently,  USTRANSCOM  develops  and  coordinates  joint  exercises  in  order  to 
provide  training  opportunities  for  JTF-PO  personnel  and  CCDR  operational  staffs.  The 
training  events  also  provide  the  opportunity  to  identify,  test  and  validate  procedures  and 
processes  for  opening  distribution  networks.  (USTRANSCOM,  2009)  Though  it  is 
necessary  to  train  for  experience,  it  is  a  costly  way  to  do  it  solely  to  identify,  test  and 
validate  new  concepts. 

Operation  UNIFIED  RESPONSE 

On  12  January  2010,  a  7.0  magnitude  earthquake  rocked  Port-au-Prince,  Haiti 
leaving  the  city  demolished  and  thousands  of  people  desperate  for  international  aid. 
Transportation  infrastructure  was  demolished  on  all  accounts  to  include  the  main  seaport 
and  border  crossing  routes.  The  Toussaint  L’Ouverture  International  Airport  sustained 
damage  to  its  facility,  but  the  airfield  was  still  usable.  It  was  clear  the  only  way  to  get 
relief  into  the  hands  of  Haitian  people  was  to  move  in  by  air.  Initial  Air  Force 
capabilities  entered  24  hours  after  the  earthquake  from  the  1st  Special  Operations  Wing 
(SOW)  from  Hurlburt  Field,  Florida.  The  unit  brought  with  them  the  capability  to  control 
air  traffic  arrivals  into  the  heavily  congested  single  runway  and  single  taxiway  airport. 
(JTF-PO/CC,  2010) 
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Figure  2;  Toussaint  Louverture  International  Airport  (Google  Earth) 


On  14  January  2010,  USTRANSCOM  tasked  an  Air  Foree  CRG  and  Army  RPOE 
unit  for  the  first  time  to  form  the  JTF-PO  capability.  The  mission  was  to  establish 
command  and  control,  aerial  port  operations,  quick-tum  aircraft  maintenance,  and  a 
distribution  network  in  order  to  maximize  humanitarian  assistance  throughput.  (JTF- 
PO/CC,  2010) 

The  JTF-PO  established  operations  at  the  east  end  of  the  ramp  and  consisted  of 
the  JTF-PO  camp,  cargo  yard,  road,  and  forward  cargo  node.  The  JTF-PO  camp  was  the 
home  of  leadership  facilities  used  to  conduct  command  and  control  of  airfield  and 
distribution  network  operations.  The  cargo  yard  was  the  entrance  of  cargo  into  the 
distribution  network  and  consisted  of  both  Air  Force  and  Army  personnel  tasked  to  sort 
and  determine  which  items  move  to  the  forward  cargo  node.  The  road,  also  known  as  the 
Main  Supply  Route  (MSR),  was  used  to  transport  cargo  between  the  cargo  yard  and 
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forward  cargo  node.  The  forward  cargo  node  was  the  location  tasked  to  distribute  the 
cargo  to  its  owners.  (Fisher,  2011) 


Figure  3:  JTF-PO  Operations,  Operation  UNIFIED  RESPONSE  (JTF-PO/CC,  2010) 

Maximum  on  Ground  (MOG)  is  used  to  describe  the  maximum  number  of  aircraft 
on  the  ground  and  is  broken  down  into  parking  MOG  and  working  MOG.  Parking  MOG 
refers  to  the  maximum  number  of  aircraft  that  can  be  parked  at  one  time  on  an  airfield. 
Working  MOG  identifies  the  maximum  number  of  aireraft  that  can  be  worked  (parked 
and  serviced)  at  one  time.  (JTF-PO/CC,  2010)  The  more  restrictive  of  the  two  measures 
generally  equates  to  the  limiting  faetor  of  MOG.  (AFIlO-403,  Deployment  Planning  and 
Execution,  13  January  2008) 

The  parking  ramp  in  Haiti  eonsisted  of  ten  C-17  equivalent  parking  spaces  and 
was  managed  by  aireraft  maintenance.  The  thirteen-man  maintenance  package  planned 
to  work  a  parking  MOG  capability  of  two  but  was  expected  to  work  four  at  one  time. 
The  best  way  to  meet  the  expectations  was  to  split  each  shift  of  maintainers  in  half, 
allowing  one  team  to  work  half  the  ramp  and  the  other  team  to  work  the  other  half. 
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(W allwork,  Gunn,  Morgan,  &  Wilcoxson,  2010)  Furthermore,  the  aerial  port  teams 
utilized  the  same  tactics  and  split  shifts  in  order  to  download  aircraft  more  efficiently. 
The  decision  for  both  capabilities  allowed  faster  tum-around  time  of  aircraft  through  the 
airfield.  (Fisher,  201 1) 


Figure  4:  Parking  Ramp,  Operation  UNIFIED  RESPONSE  (JTF-PO/CC,  2010) 
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Though  the  parking  MOG  in  Haiti  was  ten,  the  initial  working  MOG  capability 
for  aerial  port  teams  was  two.  A  description  of  Figure  5  is  taken  from  the  AAR  from  the 
JTF-PO/CC  (2010)  and  stated  below: 

“The  Figure  visually  depicts  the  gaps  between  our  working  MOG 
capability  and  the  required  working  MOG  based  on  the  mission  flow.  The 
Figure  shows  we  were  able  to  meet  the  demand  during  the  2nd  week,  and 
exceed  the  demand  in  weeks  3-5.  The  excess  capability  we  had  served 
as  insurance  to  absorb  a  spike  in  demand.” 


Working  MOG  Capability 

7  - 


nT?'  <.e? 

^  ^  o,N^  tT 


Actual  Working  MOG  Required  Working  MOG 


Figure  5:  Working  MOG  Capability  (JTF-PO/CC,  2010) 
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Furthermore,  the  AAR  stated  there  were  ehallenges  assoeiated  with 

ealeulating  the  required  working  MOG  and  are  explained  below: 

“The  other  ehallenges  in  reporting  and  analyzing  working  MOG  for  this 
operation  were  the  wide  variety  of  customers  and  help  the  JTF-PO 
received  from  other  organizations.  The  JTF-PO  received  MHF, 
manpower  and  equipment  assistance  from  the  Flnited  Nations  (FTN),  Joint 
Special  Operations  Air  Component  (JSOAC),  Canadians  and  the 
Government  of  Haiti  (GoH).  In  addition,  some  aircraft  required  no 
downloading  assistance  (negative  cargo)  or  were  self  downloading.  All  of 
these  factors  were  fully  incorporated  into  the  advertised  working  MOG 
capability.” 

Though  maximizing  humanitarian  assistance  throughput  was  the  mission  of  the 
JTF-PO,  so  was  returning  operations  back  to  the  GoH.  Prior  to  the  departure  of  the  JTF- 
PO,  the  GoH  resumed  commercial  operations  on  19  February  with  the  first  American 
Airlines  flight  arriving  on  19  February  2010.  (Air  Forces  Southern,  Public  Affairs,  2010) 
In  37  days,  the  JTF-PO  was  able  to  amass  working  3,006  relief  missions,  download  over 
30.9  million  pounds  of  cargo  and  evacuate  15,495  American  Citizens  (AMCITs).  (JTF- 
PO/CC,  2010) 
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Table  3:  Mission  Data  for  Operation  UNIFIED  RESPONSE 
14  Jan  -  19  Feb  2010  (JTF-PO/CC,  2010) 


MISSION  DATA 

Operation  UNIFIED  RESPONSE 

C-17  Missions/Sorties 

253/506 

C-130  Missions/Sorties 

283/566 

US  Commercial  Missions/Sorties 

1339/2678 

International  Missions/Sorties 

1131/2262 

TOTAL  Missions/Sorties 

3006/6012 

Air  Evacuation  Missions: 

301  Litter,  10 
Ambulatory 

Off-Load  Passengers: 

9,509 

Off-Load  Cargo: 

15,450  ST 

On-Load  Passengers: 

15,495 

On-Load  Cargo: 

253  ST 

Logistics  Studies  Involving  Simulation 

Over  the  last  20  years,  the  U.S.  military  has  become  more  reliant  on  the  force 
projection  posture  rather  than  strategic  prepositioning.  McKinzie  and  Barnes  (2004) 
identified  the  need  for  simulation  analysis  due  to  the  ever-shrinking  military  budget  and 
force  size  which  emphasized  the  need  to  efficiently  deploy  personnel,  equipment  and 
support  equipment.  The  study  discusses  the  overview  of  the  different  types  of  strategic 
mobility  models  used  in  the  defense  transportation  system  and  their  advantages  and 
disadvantages.  Strategic  mobility  models  are  logistics  models  which  represent  the  flow 
of  cargo  and  passengers  from  the  U.S.  to  overseas  theaters.  (McKinzie  &  Barnes,  2004) 
Of  the  different  types  of  models  discussed,  the  Joint  Flow  and  Analysis  System  for 
Transportation  (JFAST)  and  Mobility  Simulator  (MOBSIM)  are  the  closest  simulation 
models  related  to  this  research.  JFAST  is  a  multimodal  transportation  analysis  model 
designed  to  forecast  transportation  requirements  and  evaluate  what-if  scenarios. 
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(McKinzie  &  Barnes,  2004)  MOBSIM  is  a  discrete-event  stochastic  simulation  tool  that 
deals  with  multiple  modes  of  transportation.  (McKinzie  &  Barnes,  2004) 

JFAST  and  MOBSIM  use  Time  Phased  Force  Deployment  Data  (TPFDD)  as 
input  into  their  modeling  and  are  easily  entered  manually  if  needed  which  leads  to  a 
deterministic  approach  to  modeling.  Creating  the  TPFDD  is  appropriate  to  use  when 
sufficient  planning  is  available  and  well-trained  logistical  and  operational  planners  are 
available.  However,  in  a  dynamic  response  situation,  (as-is  the  JTF-PO  operation),  it 
may  be  too  time  consuming  in  order  to  make  appropriate  decisions  on-time.  (Yildirim, 
Tansel,  &  Sabuncuoglu,  2009)  Furthermore,  Yildirim  and  others  (2009)  identify  the  need 
for  a  fast  and  accurate  tool  that  takes  into  account  the  stochastic  nature  of  events  to 
analyze  a  military  deployment  plan. 

Though  JFAST  and  MOBSIM  have  many  benefits  in  modeling  multimodal 
concepts,  they  have  disadvantages  too.  They  lack  the  finer  details  that  organizations  may 
wish  to  input  into  the  models.  Though  it  would  be  preferred  to  include  the  details  into 
JFAST  and  MOBSIM,  it  would  ultimately  cause  the  models  to  grow  to  unmanageable 
sizes  requiring  impractical  execution  times.  (McKinzie  &  Barnes,  2004)  Though  there  is 
modeling  software  available  to  use,  this  research  includes  the  much  needed  details  of  the 
dynamic  JTF-PO  operation  in  order  to  capture  the  most  likely  throughput  and  resource 
utilization  based  on  historical  data,  instead  of  pre-planned  TPFDD  data. 

As  Ciarallo  and  Hill  (2005)  identify  that  defense  logistic  networks  are  dynamic  in 
nature,  so  is  the  JTF-PO  operation.  With  surge  arrivals  of  aircraft  and  cargo  into  defense 
logistic  networks,  simulating  an  entire  operation  under  a  single  stochastic  distribution 
results  in  a  less  than  optimal  output.  An  arrival  flight  traffic  model  was  presented  by 
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Kim,  Akinbodunse,  and  Nwakamma  (2005)  to  simulate  time-varying  arrivals  via  airport 
arrival  fixes  to  a  runway.  Arena  Input  Analyzer®  was  used  to  generate  mathematieal 
expressions,  based  on  the  inter-arrival  time  distribution  of  aircraft  extracted  from  a 
Federal  Aviation  Administration  (FAA)  database.  The  simulation  was  developed  to 
model  the  holding  patterns  of  aircraft  based  on  varying  arrival  rates  depending  on  peak 
arrival  periods.  Aircraft  are  then  allowed  to  land  under  a  first-in-first-out  (FIFO)  manner. 
The  results  gave  an  estimate  of  the  number  of  flights  arriving  within  a  select  peak  period. 
(Kim,  Akinbodunse,  &  Nwakamma,  2005) 

The  task  of  matching  arriving  aircraft  to  parking  spaces  is  related  to  the  berth 
planning  system  of  container  ship  operations  studied  by  Fegato  and  Mazza  (2001).  They 
developed  a  discrete  event  simulation  model  for  the  queuing  network  of  the  logistics 
activities  related  to  the  arrival,  berthing,  and  departure  processes  of  vessels  at  a  container 
terminal.  The  study  allowed  simulation  results  to  illustrate  the  use  of  the  model  for 
“what-if  ’  scenarios  in  the  berth  planning  problem.  (Fegato  &  Mazza,  2001) 

According  to  a  study  compiled  by  Graves  and  Higgins  (2002),  simulation 
provides  a  valuable  tool  for  modeling  attributes  of  future  systems,  and  comparing 
alternate  concepts  for  how  systems  should  be  employed.  Their  application  used 
simulation  to  determine  container-  and  material-handling  equipment  requirements  for  an 
Army  Cargo  Transfer  Company  operating  a  container  terminal  at  a  seaport.  The  primary 
measure  of  interest  for  the  model  was  the  total  container  throughput  and  material 
handling  equipment  (MHF)  utilization.  (Graves  &  Higgins,  2002) 
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Conclusion 

This  chapter  provided  background  in  regards  to  the  purpose  of  this  research.  The 
first  seetion  diseussed  the  requirements  of  United  States  Transportation  Command’s  Joint 
Task  Force-Port  Opening  (JTF-PO)  Coneept  of  Operations  (CONOPS).  This  was 
followed  by  a  description  of  Operation  UNIFIED  RESPONSE  and  the  JTF-PO 
involvement  in  support  of  the  humanitarian  assistance  provided  to  the  eity  of  Port-au- 
Prinee,  Haiti  following  the  devastating  7.0  earthquake  in  early  2010.  Finally,  the  ehapter 
eoneluded  with  a  discussion  of  previous  researeh  that  utilized  simulation  as  a  tool  for 
logistie  studies. 
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III.  Methodology 

Introduction 

This  chapter  explains  the  methodology  used  to  develop  the  simulation  model  for 
evaluating  the  Joint  Task  Force-Port  Opening  operation  in  HA/DR  environments.  The 
first  seetion  will  define  simulation  and  identify  when  it  should  not  be  attempted  to  model 
systems.  The  next  section  will  identify  the  overarehing  requirements  of  building  models 
in  a  defense  logisties  network.  This  will  be  followed  by  a  brief  introduetion  to  the 
method  of  diserete-event  simulation.  Next,  a  definition  of  simulation  terms  will  be 
introdueed  in  order  to  provide  a  framework  of  understanding  diserete-event  simulation 
with  Arena®  software.  Finally,  the  twelve-step  proeess  of  simulation  model  building 
will  be  introdueed  and  aeeompanied  by  a  detailed  deseription  of  the  use  of  eaeh  step  in 
the  author’s  research  effort. 

Simulation 

Simulation  is  the  proeess  of  designing  and  ereating  a  eomputerized  model  of  a 
real  or  proposed  system  for  the  purpose  of  eonducting  numerical  experiments  to  give  a 
better  understanding  of  the  behavior  of  that  system  for  a  given  set  of  eonditions.  (Kelton, 
Sadowski,  &  Sturrock,  2007)  The  type  of  modeling  approaeh  used  for  this  research  is  a 
logical-computer  simulation.  The  logieal-eomputer  simulation  has  the  ability  to  address 
questions  about  the  model’s  behavior  under  faster,  safer,  and  eost-effieient  eonditions  by 
simply  manipulating  the  program’s  inputs  and  logie.  (Kelton,  Sadowski,  &  Sturroek, 
2007)  Furthermore,  Kelton  and  others  (2007)  explain  that  eomputer  simulation  allows 
the  researeher  to  duplieate  and  study  eomplex  systems  that  may  not  have  exaet 
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mathematical  solutions  worked  out.  Complex  systems  frequently  simulated  are  airport 
flight  arrivals  and  distribution  networks. 

In  order  to  validate  the  proposed  methodology  of  simulation  modeling,  it  is 
important  to  identify  when  simulation  is  not  appropriate.  Banks  and  Gibson  (1997), 
allows  researchers  to  evaluate  when  simulation  is  not  appropriate  by  following  ten  rules. 

1 .  The  first  rule  identifies  that  common  sense  problems  should  not  be  simulated. 

2.  The  second  rule  identifies  that  problems  should  not  be  simulated  if  they  can 
be  solved  analytically. 

3.  The  third  rule  states  that  simulation  should  not  be  used  if  there  is  a  less 
expensive  method  to  solve  the  problem. 

4.  The  fourth  rule  identifies  that  a  simulation  should  be  avoided  if  the  cost  to 
simulate  outweighs  the  savings  benefited  from  it. 

5.  The  fifth  rule  states  that  a  simulation  should  not  be  performed  if  there  is  no 
availability  of  time  to  complete  it. 

6.  The  sixth  rule  states  that  a  simulation  should  not  be  performed  if  there  is  no 
availability  of  resources  to  complete  it. 

7.  The  seventh  rule  states  that  simulation  is  not  advised  if  there  is  no  data 
available  to  input  into  the  model. 

8.  The  eighth  rule  identifies  the  ability  to  verify  and  validate  the  model;  if  there 
are  no  personnel  or  time  available,  simulation  is  not  advised. 

9.  The  ninth  rule  states  that  if  managers  have  unreasonable  expectations  of  the 
results,  then  simulation  should  not  be  completed. 
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10.  Finally,  the  tenth  rule  states  that  simulation  should  not  be  eonsidered  if  the 
system  behavior  is  too  eomplex  to  duplieate. 

Refuting  the  ten  rules  identified  in  the  artiele  support  the  deeision  to  utilize 
simulation  for  the  purposes  of  this  researeh. 

Decision  Model  Requirements 

According  to  Ciarallo  and  Hill  (2005),  in  order  to  achieve  a  defense  logistics 
network  that  successfully  operates  in  just-in-time/dynamic  scenarios,  there  must  be  an 
effective  combination  of  three  components  -  data,  decision  models,  and  decision  support 
environments. 

Analysis  of  data  on  past  performance  is  critical  to  determine  the  future 
consequences  of  critical  decisions  made  at  the  present.  Incorporating  this  data  into  a 
decision  model  generates  options  for  resource  utilization  and  identifies  potential 
constraints  in  the  system.  (Ciarallo  &  Hill,  2005)  When  little  data  is  available  for  the 
system,  statistical  forecasting  methods  and  planning  data  can  be  used  to  fill  in  the  holes. 

Decision  models  based  on  simulation  and  optimization,  or  other  frameworks, 
generates  options  that  examine  criteria  in  one  or  more  performance  dimensions.  In  order 
for  the  model  to  generate  reasonable  options  for  the  decision  maker,  the  model  must 
represent  the  expected  performance,  as  well  as  the  possible  risk  of  potential  actions. 
(Ciarallo  &  Hill,  2005)  Through  validation  methods,  expected  throughput  and  resource 
utilization  performances  are  measured  against  modeling  outcomes  values. 

Furthermore,  decision  support  environments  should  allow  further  evaluation  of 
the  solutions  suggested  by  one  or  more  restricted  models  by  considering  performance  in  a 
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number  of  dimensions.  (Ciarallo  &  Hill,  2005)  The  models  must  be  flexible  enough  to 
inelude  “what-if  ’  seenarios  whieh  will  allow  average  users  to  manipulate  parameters 
based  on  the  needs  of  the  support  environment.  (Ciarallo  &  Hill,  2005)  Finally,  Ciarallo 
and  Hill  (2005)  identify  that  simulation  is  a  eritieal  eomponent  of  the  evaluation  of 
deeisions  in  very  realistie  eonditions  beeause  of  its  flexibility  and  ability  to  model 
uneertainty.  The  model  is  no  use  if  it  is  too  eomplieated  and  does  not  allow  flexibility  in 
developing  seenarios  for  potential  future  deeision  making.  The  result  of  this  study  will 
provide  a  tool  neeessary  to  support  all  three  eomponents  of  a  sueeessful  deeision  model 
in  a  defense  logisties  network. 

Discrete-Event  Simulation 

Diserete-event  simulation  is  the  modeling  of  systems  in  whieh  the  state  variable 
ehanges  only  at  a  diserete  set  of  points  in  time.  (Banks,  Carson  II,  Nelson,  &  Nieol, 
2010)  Due  to  the  nature  of  this  researeh,  the  approaeh  of  diserete-event  simulation  is 
employed  through  the  aid  of  eomputers  in  order  to  “run”  rather  than  “solve”  numerieal 
models.  The  ehoiee  of  software  for  modeling  is  the  Roekwell  Corporation’s  Arena® 
simulation  software  due  to  the  ability  to  eapture  the  dynamie  nature  of  the  JTF-PO 
mission.  The  software  generates  an  artifieial  history  of  the  system  built  from  model 
assumptions  and  observations  of  eaeh  “run”  result  is  eolleeted  to  be  analyzed  and  to 
estimate  system  performanee  measures.  (Banks,  Carson  II,  Nelson,  &  Nieol,  2010) 
Though  simulation  ean  solve  simple  mathematieal  problems,  the  best  use  of  its  eapability 
is  performed  on  eomplex  systems.  The  JTF-PO  and  related  distribution  systems  is  a 
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perfect  match  for  utilizing  simulation  because  of  the  complex  nature  of  entity  arrivals, 
service  times,  and  network  flow. 

Deflnition  of  Simulation  Terms 

There  are  various  parts  of  a  simulation  model  which  are  identified  by  specific 
terms.  This  section  will  define  the  terms  according  to  the  text  Simulation  with  Arena 
Fourth  Edition  from  Kelton  and  others  (2007)  and  displays  a  relationship  of  the  terms  in 
respect  to  this  research. 

Entities 

Simulation  involves  “players”  called  entities  that  are  created  automatically  to 
enter  a  system,  seize  resources,  potentially  change  state,  and  then  depart  the  system 
through  a  disposal  function.  There  are  four  categories  of  entities  involved  in  this 
simulation.  Aircraft,  Pallets,  Demand  and  Resource.  The  Resource  entity  is  used  only 
once  to  populate  the  values  of  each  individual  resource  before  the  simulation  begins.  The 
Aircraft  entity  is  compiled  of  20  different  types  of  aircraft  that  arrive  into  a  system.  The 
Pallet  entity  is  a  transformed  value  derived  from  a  duplicated  Aircraft  entity  which  enters 
a  distribution  network  sub-system  process.  The  Demand  entity  is  used  to  identify  a 
demand  for  Pallet  entities  to  depart  every  six  hours.  All  entities  depart  their  respective 
systems  at  the  end  of  their  processes. 

Attributes 

In  order  to  individualize  entities,  attributes  are  attached  to  them.  Attributes  have 
common  characteristics  for  all  entity  types  but  with  different  values  for  each  entity.  In 
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this  simulation,  it  is  most  important  to  individualize  the  20  different  Aireraft  entities.  For 
eaeh  Aireraft  entity  1 1  attributes  are  assigned  to  them. 

Resources 

When  entities  enter  a  system,  they  eompete  for  the  seizure  of  resources  to  service 
them.  When  the  resources  are  finished  with  the  entity,  they  are  released  and  become 
available  to  the  next  entity  in  the  system.  In  this  simulation,  14  resources  are  created  to 
represent  14  different  services  needed  for  each  entity  (if  all  required). 

Queues 

When  an  entity  encounters  a  resource  that  is  busy,  a  queue  is  created.  This 
provides  the  entity  a  place  to  wait  until  the  resource  becomes  idle.  Some  queues  have 
capacities  that  limit  the  number  of  entities  allowed  to  wait.  In  this  simulation  20  queues 
were  created  under  first-in  first-out  conditions  to  support  the  14  resources  in  the  model. 

Variables 

A  variable  is  a  piece  of  information  that  reflects  a  system  characteristic, 
regardless  of  the  number  of  entities  in  the  model.  They  can  be  accessed  by  all  entities 
and  many  can  be  changed  by  them.  In  this  simulation,  variables  serve  the  purpose  of 
compiling  all  hard-coded  values  which  are  then  used  to  populate  every  attribute  and 
resource.  This  equates  to  188  different  values  in  the  simulation. 

Statistical  Accumulators 

Statistics  are  collected  to  report  in  output  performance  measure  reports.  In  this 
simulation,  the  measures  of  importance  are  the  number  of  entities  (Pallets)  that  have 
passed  through  the  system.  Furthermore,  the  utilization  rates  for  each  of  the  resources  are 
collected. 
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Events 

An  event  is  something  that  happens  at  an  instant  of  simulated  time  that  ehanges 
attributes,  variables,  or  statistieal  aeeumulators.  This  eomes  in  the  form  of  a  ereation  of 
some  type  of  entity,  its  disposal,  and  the  end  of  a  simulation.  In  this  simulation,  there  are 
nine  partieular  events  ereated  that  represent  eaeh  ereation/disposal  of  the  four  different 
entities  for  the  simulated  run-time  of  30  days. 

Model  Development 

Banks  and  others  (2010)  identify  a  12-step  proeess  in  Figure  6  for  developing  a 
simulation  model  whieh  applies  to  any  model  building  effort;  it  provides  the  strueture  for 
this  researeh.  In  Stieglemeiere’s  researeh  (2006),  he  breaks-down  the  deseription  of  the 
proeess  into  two  halves.  The  first  half,  (Steps  1-7),  represent  the  effort  undertaken  to 
build,  validate,  and  verify  the  model.  The  seeond  half,  (Steps  8-12),  represent  the  aetual 
use  of  a  model  to  analyze  a  system  and  make  deeisions  about  it.  The  12-step  proeess 
used  in  this  researeh  is  deseribed  in  the  following  seetion. 
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Figure  6;  Steps  in  a  Simulation  Study  (Banks,  Carson  II,  Nelson,  &  Nieol,  2010) 
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The  12-Step  Modeling  Process 

Step  1:  Problem  Formulation 

The  first  step  to  solving  any  problem  in  a  study  is  to  formulate  a  statement  of  the 
problem.  (Banks,  Carson  II,  Nelson,  &  Nicol,  2010)  USTRANSCOM  clearly  defined 
the  problem  that  there  is  currently  no  capability  to  model  a  JTF-PO  operation  in  a  safe, 
cost-effective  environment  in  order  to  predict  throughput  of  cargo  based  on  the 
availability  of  resources. 

Step  2:  Setting  of  Objectives  and  Overall  Plan 

The  objectives  indicate  the  questions  to  be  answered  by  simulation.  (Banks, 
Carson  II,  Nelson,  &  Nicol,  2010)  The  purpose  of  this  research  is  to  create  a  decision 
model  through  discrete-event  simulation  to  support  JTF-PO  operational  planning  in  order 
to  predict  throughput  of  cargo  under  a  HA/DR  scenario. 

Step  3:  Model  Conceptualization 

This  step  is  by  far  the  lengthiest  step  in  the  modeling  process  in  that  model 
construction  is  more  an  art  than  a  science.  The  art  of  modeling  is  enhanced  by  an  ability 
to  abstract  the  essential  features  of  a  problem,  to  select  and  modify  basic  assumptions  that 
characterize  the  system,  and  then  to  enrich  and  elaborate  the  model  until  a  useful 
approximation  results.  (Banks,  Carson  II,  Nelson,  &  Nicol,  2010)  Simulation  modeling 
is  an  iterative  process  that  requires  a  modeler  to  start  with  a  simple  model  and  develops  it 
to  mirror  the  real-world  workings  of  the  system.  The  model  for  this  research  was 
logically  built  from  the  experience  of  subject  matter  experts,  and  was  constrained  by  the 
available  data.  Furthermore,  involvement  of  subject  matter  experts  contributed  to 
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enhance  the  quality  of  the  resulting  model  and  increase  the  confidence  of  its  application. 
Figure  7  identifies  the  conceptual  model  in  its  simplest  form. 


JTF-PO  Conceptual  Model 


Figure  7:  JTF-PO  Conceptual  Model 


Step  4:  Data  Collection 

Historical  data  collection  is  performed  during  this  step  and  is  utilized  in 
conjunction  with  the  conceptual  model  building.  Normally,  the  objectives  of  this  study 
dictate  the  kind  of  data  to  be  collected.  This  research  utilized  a  reverse  approach.  Data 
was  collected  prior  to  model  conceptualization.  This  provided  limitations  in  the  model 
building.  The  data  was  collected  from  two  separate  subject  matter  expert  (SMF)  sources 
Command  and  Control  leadership  and  Air  Terminal  Operations  Center  personnel  from 
Operation  UNIFIFD  RFSPONSF  and  are  categorized  below  with  varying  levels  of 
fidelity. 

1 .  High  fidelity  of  aircraft  arrival  data  from  AAR; 
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Of  the  3,006  reported  aireraft  arrivals  in  37  days,  2,561  arrivals  in  32  days 
were  reeorded  (85%  of  reported  missions  on  the  after  aetion  report). 

2.  High  fidelity  of  aireraft  service  times  with  n  >  12  arrivals  into  the  location: 

Of  the  2,561  arrivals  into  the  location,  94  different  aircraft  types  were 
recorded.  Any  aircraft  that  arrived  more  than  12  times,  and  were  recorded  as 
being  serviced,  were  selected  to  use  in  the  simulation.  This  resulted  in  a 
sampling  of  the  top  20  aircraft  with  an  overall  n  =  2,300  arrivals  serviced 
(99%  of  collected  aircraft  arrival  data). 

3.  Moderate  fidelity  of  aircraft  cargo  weight  data  collected  from  aircraft  serviced 

Of  the  2,300  aircraft  serviced,  882  aircraft  were  identified  as  cargo 
carrying  aircraft;  516  of  those  aircraft  were  recorded  with  cargo  weight  data 
(59%  of  collected  cargo  aircraft  service  data). 

Table  4:  Fidelity  Levels  for  Aircraft  and  Cargo  Data 


Type  Data 

Collected  Data 

Final  Data 
Used 

Level  of  Data 
Fidelity 

Aircraft  Arrival 
Times 

3,006  Reported  Arrivals 

2,561  Arrived 

85% 

Aircraft  Service 
Times 

2,331  Type  AC  Arrivals 
with  n  >  12 

2,300  Serviced 

99% 

Aircraft  Cargo 

882  Cargo  Aircraft  Capable 

516  Cargo 

59% 
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Table  5;  Type  Aireraft  Servieed  Statisties 


AC  Type 

#AC 

Arrived 

%  AC 
Arrived 

#  AC 
Serviced 

%  AC 
Serviced 

#AC 

with 

Cargo 

Weight 

%  AC 
with 
Cargo 
Weight 

1 

TURBOPROP 

769 

32.99% 

754 

32.78% 

NA 

NA 

2 

C130 

392 

16.82% 

388 

16.87% 

155 

39.95% 

3 

C17 

268 

11.50% 

268 

11.65% 

243 

90.67% 

4 

LEARJET 

209 

8.97% 

205 

8.91% 

NA 

NA 

5 

C2 

162 

6.95% 

160 

6.96% 

NA 

NA 

6 

B727 

83 

3.56% 

83 

3.61% 

32 

38.55% 

7 

GULFSTREAM 

83 

3.56% 

81 

3.52% 

NA 

NA 

8 

B737 

77 

3.30% 

77 

3.35% 

NA 

NA 

9 

CN235 

46 

1.97% 

46 

2.00% 

NA 

NA 

10 

IL76 

45 

1.93% 

45 

1.96% 

17 

37.78% 

11 

B757 

31 

1.33% 

31 

1.35% 

22 

70.97% 

12 

C12 

29 

1.24% 

29 

1.26% 

NA 

NA 

13 

DASH8 

24 

1.03% 

24 

1.04% 

NA 

14 

LlOO 

22 

0.94% 

22 

0.96% 

21 

95.45% 

15 

B767 

21 

0.90% 

20 

0.87% 

9 

45.00% 

16 

JETSTREAM 

17 

0.73% 

16 

0.70% 

NA 

NA 

17 

B707 

14 

0.60% 

14 

0.61% 

NA 

NA 

18 

B747 

13 

0.56% 

13 

0.57% 

12 

92.31% 

19 

A310 

14 

0.60% 

12 

0.52% 

NA 

NA 

20 

AN12 

12 

0.51% 

12 

0.52% 

5 

41.67% 

Totals 

2331 

2300 

516 

58.5% 
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Cleaning  the  data  requires  domain  SME  knowledge  whieh  was  obtained  from  the 
source  of  the  data  collectors  in  the  operation.  In  order  to  hold  the  assumption  of  zero 
delays  in  aircraft  ground  handling,  pair-wise  deletion  was  conducted  on  aircraft  with 
service  times  that  exceeded  360  minutes  (or  six  hours).  The  rationale  for  deleting  the  C- 
130  and  C-17  aircraft  is  due  to  maintenance  issues  which  held  the  aircraft  on  the  ground 
for  longer  than  planned.  (Jones,  2011)  The  rationale  for  deleting  the  remaining  aircraft 
is  due  to  their  double-blocking  to  another  parking  apron  prior  to  their  final  departure. 
(Jones,  2011)  Since  aircraft  service  times  were  calculated  as  time  between  arrival  and 
departure,  these  aircraft  were  removed  from  the  model. 


Table  6;  AC  >  360  Minutes  Service  Time  (6  Hours) 


AC  Type 

Deleted 

C130 

4  Deleted 

C17 

3  Deleted 

PROP 

30  Deleted 

LEARJET 

3  Deleted 

C2 

2  Deleted 

B727 

1  Deleted 

GULFSTREAM 

2  Deleted 

B737 

2  Deleted 

CN235 

1  Deleted 

IL76 

6  Deleted 

B757 

1  Deleted 

In  order  to  show  validation  in  the  data  collected  from  the  CRG,  daily  aggregated 
aircraft  arrivals  were  obtained  from  the  Federal  Aviation  Administration’s  Enhanced 
Traffic  Management  System  Counts  (EAA  ETMSC)  and  were  compared  with  the  CRG 
totals.  Both  of  the  collected  totals  follow  the  same  negative  trend,  as  can  be  seen  by 
Figure  8,  with  a  residual  difference  mean  of  28  arrivals  and  standard  deviation  of  12 
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arrivals.  The  reason  for  the  differenee  in  arrivals  is  due  to  the  CRGs  ability  to  colleet 
unscheduled  aircraft  arrivals  from  day  one.  Though  the  FAA  set  up  a  slot-management 
system  to  schedule  all  arrivals  a  few  days  after  the  earthquake,  unscheduled  aircraft  were 
still  arriving  to  the  location.  Therefore  on-scene  data  collection  represents  the  most 
accurate  arrival  data.  (Jones,  2011) 


Figure  8;  Daily  Aircraft  Arrivals  into  Haiti 


There  were  two  significant  challenges  the  RPOE  faced  for  reporting  the  amount 
of  cargo  distributed.  These  were  due  to  the  fact  that  82%  of  aircraft  arrived  via  US 
commercial  or  international  carriers.  Eirst,  the  majority  of  aircraft  arrivals  were  not 
tracked  with  radio  frequency  identification  (REID)  tags.  This  challenge  forced  the  RPOE 
to  manually  track  cargo  from  arrival  into  the  airport  through  departure  to  the  customer. 
(Eisher,  2011)  Second,  the  cargo,  loaded  onto  the  majority  of  arrivals,  was  not  in  the 
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traditional  US  military  463L  pallet  configuration.  Instead,  cargo  arrived  primarily  in 
warehouse  skid  configuration.  For  reporting  this  type  of  cargo,  a  simple  mathematical 
conversion  was  used  to  transform  four  skids  into  one  463L  pallet  equivalent.  (JTF- 
PO/CC,  2010) 


Mission  Data 

Operation  UNIFIED  RESPONSE 


us  Commercial, 


45% 


Figure  9;  Airlift  Carriers 


Figure  10  displays  the  analysis  of  cargo  that  is  stored  in  the  forward  node  at  the 
end  of  each  2400  hour  day.  It  can  be  seen  that  cargo  positively  trends  upward  until  it 
reaches  89%  of  its  capacity  (450  pallets)  on  2  February  and  remains  constant  until  1 1 
February  when  it  steadily  trends  negatively  downward.  This  identifies  a  peak  capacity 
period  within  that  timeframe. 
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Total  Pallets  in  FN 


Figure  10:  Forward  Node  Analysis  (Kuppinger,  201 1) 


In  Figure  11,  the  gradual  die-down  in  eargo  sent  to  the  forward  node  eorrelates 
with  the  gradual  die-down  of  aircraft  arrivals  from  Figure  8.  Using  face  validity,  both 
aircraft  arrival  and  cargo  distribution  data  sets  should  result  in  a  reasonable  simulation 
model  for  evaluating  cargo  throughput  in  humanitarian  operations  because  they  exhibit 
the  same  negative  trend. 
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Forward  Node  Comparison  with  Aircraft 


Aircraft  Arrivals 


Figure  1 1 ;  Forward  Node  Comparison  with  Aircraft  Arrivals 


Step  5:  Model  Translation 

This  step  translates  the  conceptual  model  into  either  simulation  language  or 
special-purpose  simulation  software.  For  the  purpose  of  this  research,  Arena® 
simulation  software  was  utilized.  Utilizing  this  software  greatly  reduces  the  time  to 
develop  the  model  and  is  flexible  enough  to  handle  dynamic  defense  logistic  networks. 
Figure  12  defines  the  various  modules  used  in  the  simulation  software.  The  final 
simulation  consists  of  two  parts,  an  outer  model  and  cargo  distribution  submodel  which 
can  be  seen  in  Figure  13  and  Figure  14.  A  more  detailed  view  of  each  of  the  models 
subparts  are  shown  in  Figure  15  through  Figure  22. 
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Module  Key 


Create  Module:  The  starting  point  of  entities 
entering  a  system  in  the  simulation. 


Batch  Module:  A  grouping  mechanism  to  brings 
together  two  or  more  entities  to  form  one. 


= - 

Assign  1 

^  Assign  Module:  Used  to  assign  values  to  entities  for  , 

for  which  is  carried  throughout  the  simulation. 

Separate  1  1 

4 

0 


Separate  Module:  A  duplicating  or  separating 
mechanism  for  entities  that  were  previously  batched. 


Process  1  . 


0 


Process  Module:  An  action  occurs  that 
seizes  a  resouce  for  a  certain  amount  of  time 
then  releases  it. 


■  Record  1 


Record  Module:  The  collection  and  report  of 
entity  statistics  in  a  simulation. 


Dedde  Module:  The  point  in  a  simulation  where 
a  decision  is  made  that  determines  a  route  for 
an  entity  to  follow. 


Dispose  1 


Dispose  Module:  The  ending  point  of  entities 
leaving  the  system  in  the  simulation. 


Figure  12;  Module  Key 
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InitialEing  Data  Values 


Figure  13:  Outer  Model 


40 


AFIT/LSCM/ENS/12-04 


Cargo  Distribution  Submodel 

Clearance  Yard 


Forward  Node 


Return  Empty  HEMTT  and  Flatrack  to  Clearance  Yard 


Figure  14;  Cargo  Distribution  Submodel 


41 


AFIT/LSCM/ENS/12-04 


Figure  15  identifies  the  initialization  of  diserete  variables  to  populate  the  number 
of  resourees  needed  to  exeeute  the  simulation.  This  step  is  aeeomplished  automatieally 
prior  to  exeeution  of  the  full  simulation.  Table  7  identifies  the  number  of  resourees  used 
in  the  simulation  based  on  the  data  colleeted  from  Operation  UNIFIED  RESPONSE.  The 
Runway  and  Taxiway  are  utilized  to  land  and  taxi  aircraft  to  their  parking  spots.  The 
Follow_Me_Truck  is  a  vehicle  that  greets  aircraft  at  a  taxiway  then  leads  it  to  a  parking 
spot.  The  MX  Team  (Maintenance  Team)  are  individuals  used  to  marshal  aircraft  into 
parking.  The  Parking  Spot  is  C-17  equivalent  sized  parking  spots  on  the  parking  apron. 
The  Parking_Spot_Grass  is  C-17  equivalent  sized  parking  spots  off  the  parking  apron. 
The  Aerial  Port  Team  are  teams  of  individuals  used  to  download  the  cargo  from  aircraft 
and  deliver  to  the  clearance  yard.  The  Clearance  Yard  Space  is  the  cargo  yard  nearest  to 
the  flight  line  with  capability  of  holding  463 E  equivalent  sized  pallets.  The 
Clearance  Section  Team  are  teams  of  individuals  used  to  transfer  cargo  from  the 
clearance  yard  to  a  Heavy  Expanded  Mobility  Tactical  Truck  Eoad  Handling  System 
(HEMTT  EHS)  destined  to  the  forward  node.  The  HEMTT  EHS  are  trucks  utilized  to 
transfer  cargo  from  the  clearance  yard  to  the  forward  node  via  a  Main  Supply  Route 
(MSR).  The  EHS  Flatracks  are  platforms  used  to  transition  two  463E  equivalent  sized 
pallets  of  cargo  each  from  the  ground  onto  the  back  of  the  HEMTT  for  transport.  The 
MSR  is  the  path  the  HEMTTs  travel  between  the  clearance  yard  and  forward  node 
(infinite  quantity  indicates  that  a  limitless  number  of  HEMTTs  can  utilize  the  MSR  at  one 
time).  The  Forward  Node  Space  is  the  cargo  yard  at  the  distribution  point  with 
capability  of  holding  463E  equivalent  sized  pallets.  The  Distribution  Section  Team  are 
teams  of  individuals  used  to  distribute  cargo  to  a  customer. 
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Initializing  Data  Values 


Taxiway 

Folk)w_Me_Truck 

MX_Team 

Parkin  g_Spot 

Aerial_Port_Team 

Clearance_Section_Teann 

HEMTT_LHS 

Disfribution_Section_Teatn 

Forward_Node_Space 

Clearance_Yard_Space 

MSR 

Parkin  g_Spot_Grass 
LHS_Flatracks 


Figure  15;  Initializing  Data  Values 


Table?:  Resource  Quantities 


Resource 

Qty 

Runway 

1 

Taxiway 

1 

Follow  Me  Truck 

1 

MX  Team 

2 

Parking  Spot 

10 

Parking  Spot  Grass 

4 

Aerial  Port  Team 

2 

Clearance  Yard  Space 

276 

Clearance  Section  Team 

2 

HFMTT  FHS 

4 

FHS  Flatracks 

24 

MSR 

Infinite 

Forward  Node  Space 

450 

Distribution  Section  Team 

2 
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Figure  16  identifies  the  beginning  of  the  simulation  where  aireraft  entities  arrive 
into  the  system,  go  through  a  deeision  point  that  is  based  on  the  pereentages  of  aireraft 
arrivals  from  Table  5,  and  piek  up  attributes  that  they  will  earry  through  the  simulation. 
Table  8  identifies  the  attributes  that  are  earned  by  eaeh  aireraft.  Decision  modules  are 
placed  immediately  after  each  cargo  carrying  aircraft  to  ensure  cargo  pallet  values  do  not 
exceed  the  aircraft  capacity.  Aircraft  is  placed  on  hold  if  aircraft  parking  is  full  and  then 
cleared  to  land  as  parking  spot  resource  become  idle.  A  record  module  is  utilized  to 
calculate  the  average  hold  time  of  aircraft  waiting  for  clearance  to  land. 
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Aircraft  Arriving 
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Table  8:  Aircraft  Attributes 


Aircraft 

AC Type 

Time_Of_ 

Arrival 

Service_ 

Aircraft 

Service_Zero_ 

Cargo 

AC_Cargo_ 

Load 

Zero_AC_ 

Cargo Load% 

Grass_ 

Parking  % 

Concrete_ 

Parking  Size 

Grass_Parking 

Size 

Aerial_Port_ 

TeamRequired 

MX_Team 

Required 

Follow_Me 

Required 

PROP 

1 

TNOW 

Table  1 1 

ND 

ND 

100% 

51.46% 

0.5 

0.5 

0 

1 

1 

C130 

2 

TNOW 

Table  1 1 

Table  12 

Table  13 

68.81% 

NA 

0.5 

NA 

1 

1 

1 

C17 

3 

TNOW 

Table  1 1 

Table  12 

Table  13 

24.63% 

NA 

1 

NA 

1 

1 

1 

LJ 

4 

TNOW 

Table  1 1 

ND 

ND 

100% 

5.85% 

0.5 

0.5 

0 

1 

1 

C2 

5 

TNOW 

Table  1 1 

ND 

ND 

100% 

0.63% 

0.5 

0.5 

0 

1 

1 

B727 

6 

TNOW 

Table  1 1 

ND 

Table  13 

61.45% 

NA 

1 

NA 

1 

1 

1 

GULFSTREAM 

7 

TNOW 

Table  1 1 

ND 

ND 

100% 

NA 

0.5 

NA 

0 

1 

1 

B737 

8 

TNOW 

Table  1 1 

ND 

ND 

100% 

NA 

1 

NA 

0 

1 

1 

CN235 

9 

TNOW 

Table  1 1 

ND 

ND 

100% 

30.43% 

1 

1 

0 

1 

1 

IL76 

10 

TNOW 

Table  1 1 

ND 

Table  13 

62.22% 

NA 

1 

NA 

1 

1 

1 

B757 

11 

TNOW 

Table  1 1 

ND 

Table  13 

35.48% 

3.23% 

1 

NA 

1 

1 

1 

C12 

12 

TNOW 

Table  1 1 

ND 

ND 

100% 

3.45% 

0.5 

0.5 

0 

1 

1 

DASH8 

13 

TNOW 

Table  1 1 

ND 

ND 

100% 

NA 

1 

NA 

0 

1 

1 

LlOO 

14 

TNOW 

Table  1 1 

ND 

Table  13 

4.55% 

NA 

0.5 

NA 

1 

1 

1 

B767 

15 

TNOW 

Table  1 1 

ND 

Table  13 

60% 

NA 

1 

NA 

1 

1 

1 

JETSTREAM 

16 

TNOW 

Table  1 1 

ND 

ND 

100% 

18.75% 

0.5 

0.5 

0 

1 

1 

B707 

17 

TNOW 

Table  1 1 

ND 

ND 

100% 

NA 

1 

NA 

0 

1 

1 

B747 

18 

TNOW 

Table  1 1 

ND 

Table  13 

7.69% 

NA 

1.5 

NA 

1 

1 

1 

A310 

19 

TNOW 

Table  1 1 

ND 

ND 

100% 

NA 

1 

NA 

0 

1 

1 

AN12 

20 

TNOW 

Table  1 1 

ND 

Table  13 

58.33% 

NA 

1 

NA 

1 

1 

1 

ND  =  Not  Documented  NA  =  Not  Applicable 
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Figure  17  identifies  the  servieing  of  aireraft  once  they  are  authorized  to  land.  A 
Follow_Me_Truck  resource  meets  all  aircraft  entities  at  the  taxiway  and  directs  them  to 
aircraft  parking  on  the  concrete  with  an  average  taxi  time  of  five  minutes.  Aircraft 
servicing  is  driven  by  the  attributes  that  each  aircraft  entity  carries  through  the 
simulation.  A  decision  node  separates  aircraft  from  parking  on  the  grass  (where  zero 
cargo  is  reported)  or  parking  on  the  concrete  (where  cargo  is  reported)  based  on  a 
percentage  that  aircraft  entities  park  on  the  grass.  Furthermore,  when  it  has  been  decided 
for  an  aircraft  to  park  on  the  concrete,  another  decision  node  separates  the  aircraft  with 
zero  cargo  to  download  based  on  the  attributes  of  that  aircraft  entity.  Aircraft  seize 
MX  Team  resources  to  park  and  Aerial  Port  Team  resources  to  download  cargo  based 
on  an  aircraft  service  distribution.  Upon  completion  of  aircraft  servicing,  the  aircraft 
entity  releases  the  respective  resources  and  continues  to  depart  the  model.  Table  9 
identifies  the  resources  that  are  seized  during  the  servicing  process.  Finally,  aircraft 
entities  carrying  the  cargo  load  attribute  are  separated  from  their  respective  cargo, 
through  the  use  of  a  separate  module,  and  proceed  to  a  cargo  distribution  submodel. 
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Figure  17;  Aircraft  Servicing 
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Table  9;  Resources  Used  for  Block  In/Cargo  Servicing/Block  Out  Module 


Processes 

ParkingSpot 

Parking Spot Grass 

Aerial Port T  earn 

Runway 

Taxiway 

Follow Me Truck 

MX Team 

Block  In  Grass 

NA 

X 

X 

X 

NA 

NA 

Block  In  Concrete 

X 

NA 

X 

X 

X 

X 

Service  AC  Grass  Zero  Cargo 

NA 

Service  AC  Concrete  Zero  Cargo 

NA 

Service  AC  Concrete 

X 

Block  Out  Grass 

NA 

X 

X 

X 

NA 

NA 

Block  Out  Concrete 

X 

NA 

X 

X 

X 

X 

Figure  18  identifies  the  departure  process  for  aircraft  once  they  complete 
servicing  within  their  respective  locations.  Statistics  are  collected  to  determine  the  time 
on  station  for  each  aircraft  and  its  throughput  before  it  is  disposed  out  of  the  model. 
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Aircraft  Departing 


PropTOS  t  i  Prop  Throughput 


, _ I  |:i30  Throughput 

- 

1  t  C17Throughput 

ff  Learjet 
'  ^  Throughput 

/ - 

J  C2  Throughput 

- 

■j  5727  Throughput 

It  Gulfstream 
'  1  Throughput 

- 

J  5737  Throughput 

n  CM235 
•  1  Throughput 

/ - 

r-  ■[  L76 Throughput 

(f - 

.  —J  5757  Throughput 

r  J  C12Throughput  , 

It  Dash8 
•  1  Throughput 

/ - 

.  -J  .tOOThroughput 

- 

J  5767  Throughput 

n  JetStream 
'  t  Throughput 

/ - 

J  5707  Throughput 

/ - 

1  J  5747  Throughput 

- 

.  _j  V310  Throughput 

- 

»  J  ^N12  Throughput 

Figure  18:  Aircraft  Departing 
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Figure  19  identifies  the  entrance  and  departure  of  the  cargo  distribution  submodel. 
Statistics  are  collected  to  calculate  average  cargo  port-hold  time  (amount  of  time  cargo  is 
in  the  system)  and  count  cargo  throughput. 


Cargo  Distribution  Submodel 


H5  ^argo 


Submodel 


Cargo  TOS 


Record  Forward 
Node  Issue  By 
Pallet 


Cargo  Issue 


Figure  19:  Cargo  Distribution  Submodel 


Figure  20  identifies  processing  of  cargo  through  the  clearance  yard  after  it  is 
downloaded  from  the  aircraft.  The  entity  enters  the  cargo  distribution  submodel  and 
immediately  separates  into  numerous  individual  pallet  entities  based  on  the  cargo 
distribution  attribute  of  the  original  entity.  Equation  1  identifies  the  mathematical 
algorithm  used  to  convert  the  cargo  weight  into  individual  pallets.  Cargo  Distribution 
refers  to  the  values  obtained  from  Table  13.  The  %  of  Cargo  Palletized  refers  to  90%  of 
expected  palletized  cargo  according  to  the  JTE-PO  CONOPS.  Though  the  JTF-PO 
CONOPS  identifies  a  planning  weight  of  4,000  pounds  for  palletized  cargo,  those 
numbers  are  used  in  anticipation  of  U.S.  military  cargo.  Since  82%  of  aircraft  arrivals 
were  not  U.S.  military,  and  their  cargo  was  built  in  respect  to  many  different 
configurations,  the  Individual  Pallet  Weight  refers  to  the  maximum  463L  pallet  weight 
capacity  of  10,000  pounds. 
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/  %  of  Cargo  Palletized  \  (1) 

Pallets  Per  Aircraft  =  Cargo  Distribution  — ; - ; — ; - - - — 

\Individual  Pallet  Weight/ 

Next,  each  entity  of  cargo  flows  through  the  clearance  yard  where  it  seizes  a 
Clearance  Yard  Space  resource  until  LHS  Flatrack  and  Clearance  Section  Team 
resources  are  available  for  use.  Two  pallet  entities  are  batched  together  and  the 
LHS  Flatrack  resource  is  seized.  The  two  pallets  on  the  flatrack  await  the  HEMTT  LHS 
resource  to  become  available  and  then  it  is  seized  which  culminates  in  the  necessary 
resources  needed  for  transportation  to  the  forward  node  via  the  MSR  resource. 
According  to  RPOE  SMEs,  the  flatrack  exchange  occurs  between  20  and  30  minutes  to 
fully  load  a  HEMTT  with  two  pallets.  The  amount  of  time  the  MSR  resource  is  seized  is 
based  on  the  calculation  of  the  maximum  speed  limit  allowed  (15  km/h)  and  the  distance 
between  the  clearance  yard  and  forward  node  (10  km  per  CONOPS). 
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Clearance  Yard 


Figure  20:  Cargo  Distribution  Submodel/Clearance  Yard 
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Figure  21  identifies  the  proeessing  of  eargo  through  the  forward  node.  Upon 
arrival  of  the  two  pallet  entities  and  seized  HEMTT  LHS  and  EHS  Flatraek  resourees 
the  Distribution  Seetion  Team  is  seized  to  remove  the  flatraek  from  the  HEMTT.  This 
allows  the  empty  HEMTT  to  return  to  the  elearanee  yard  with  an  empty  EHS  Flatraek 
(as  seen  in  Figure  22).  The  same  flatraek  exehange  timeline  from  the  clearance  yard  is 
utilized  for  the  forward  node.  The  batched  pallet  entities  are  separated  and  each  seize  a 
Forward  Node  Space  resource.  The  Distribution  Seetion  Team  is  once  again  seized  to 
load  an  average  number  of  two  pallets  per  customer  truckload.  For  purposes  of  this 
research,  the  customer  truckload  is  based  on  the  capacity  of  a  standard  HEMTT  load  and 
has  an  average  load  time  between  20  -  30  minutes  according  to  RPOE  SMEs.  Each 
Forward  Node  Space  resource  is  subsequently  released  as  pallets  are  loaded  onto  the 
truck. 
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Forward  Node 


Figure  21 :  Cargo  Distribution  Submodel/Forward  Node 
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Return  Empty  HEMTT  and  Flatrack  to  Clearance  Yard 


/ /  Return  to 
■*n  Clearance  Yard 


Figure  22;  Return  Empty  LHS  and  Flatrack  to  Clearance  Yard 


Seize  Delay 

Release  Return 
HEMTT  and 
Flatrack  to 
rienrenri.  Yarri 
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Step  6:  Verification 

“Model  verification  is  substantiating  that  the  model  is  transformed  from  one  form 
into  another,  as  intended,  with  sufficient  accuracy.”  (Balci,  1997)  In  essence, 
verification  is  building  the  model  correctly.  Domain  and  simulation  SMEs  are  used  in 
this  research  to  verify  the  correctness  of  the  model  building.  (Defense  Modeling  and 
Simulation  Office,  2000)  The  domain  SME  has  knowledge  of  the  studied  network  flow 
and  is  needed  to  create  a  description  of  the  conceptual  model.  JTE-PO  SMEs  are  used  to 
verify  the  accuracy  of  the  JTE-PO  model  concept.  The  simulation  SME  has  knowledge 
of  the  required  simulation  software  to  enable  the  developer  to  employ  appropriate  tools 
and  techniques  to  accurately  develop  the  conceptual  model  into  a  computer  simulation 
model.  The  Center  for  Operational  Analysis  Eab  in  the  Department  of  Operational 
Sciences  at  the  Air  Eorce  Institute  of  Technology  is  used  to  verify  the  accuracy  of  the 
transformation  of  the  model  from  concept  to  computer  simulation. 

In  a  study  conducted  by  Stieglemeier  (2006)  a  dynamic  verification  technique  was 
used  to  test  the  decision  nodes  in  a  simulation  model.  The  Defense  Modeling  and 
Simulation  Office  defined  dynamic  verification  as  a  test  carried  out  by  running  a  model 
then  observing  its  behavior.  The  same  dynamic  verification  approach  is  utilized  to  assess 
the  logical  flow  of  entities  designed  to  enter  decision  nodes  that  separate,  duplicate,  or 
decide  a  certain  path.  This  study  is  concerned  with  the  throughput  of  entities,  thus  record 
modules  were  placed  immediately  after  each  decision  node  to  test  the  expected  outcome 
against  the  actual  outcome.  Banks  and  others  (2010),  support  this  concept  by  identifying 
that  total  count  statistics  can  give  an  indication  of  the  reasonableness  of  the  model  Total 
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count  refers  to  the  total  number  of  items  that  have  entered  each  component.  Results  of 
entity  throughput  are  diseussed  in  detail  in  Chapter  4. 

Step  7:  Validation 

“Model  validation  is  substantiating  that  the  model,  within  its  domain  of 
applieability,  behaves  with  satisfactory  accuracy  consistent  with  the  modeling  and 
simulation  objeetives.”  (Balei,  1997)  In  essenee,  validation  is  building  the  correct 
model.  Banks  and  others  (2010)  discussed  a  three-step  approaeh  for  validating  a  model 
from  Naylor  and  Finger  (1967).  This  researeh  utilized  the  approaeh  for  validating  the 
simulation. 

Step  1 .  Build  a  model  that  has  high  faee  validity: 

Faee  validity  refers  to  a  model  that  appears  reasonable  on  its  faee  to  model  users 
and  others  who  are  knowledgeable  about  the  real  system  being  simulated.  (Banks, 
Carson  II,  Nelson,  &  Nieol,  2010)  Through  the  use  of  SMEs  and  the  model  user,  output 
measures  are  evaluated  to  identify  model  defieieneies.  Furthermore,  by  involving  the 
user,  the  pereeption  of  eredibility  and  validity  is  inereased  whieh  allows  them  to  trust  the 
use  of  the  simulation  for  future  deeision  making. 

Step  2.  Validate  model  assumptions: 

Model  assumptions  fall  into  two  eategories,  structural  assumptions  and  data 
assumptions  and  were  verified  by  SMEs  from  Operation  UNIFIED  RESPONSE. 
Structural  assumptions  involve  questions  of  how  the  system  operates  under 
simplifieations  from  reality.  (Banks,  Carson  II,  Nelson,  &  Nieol,  2010)  Data 
assumptions  should  be  based  on  the  eolleetion  of  reliable  data  and  eorrect  statistieal 
analysis  of  the  data.  (Banks,  Carson  II,  Nelson,  &  Nieol,  2010)  Proeedures  for  analyzing 
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input  data  were  completed  through  the  use  of  Arena’s  Input  Analyzer®  software. 
Identifying  the  appropriate  stochastic  distribution,  parameters  and  goodness-of-fit  tests 
(through  the  use  of  Kolmogorov-Smirnoff  (KS)  and  Chi  Square  (ChiSq)  tests)  were  the 
results  of  the  software  and  are  identified  in  Table  10  -  Table  13.  The  best  distributions 
were  selected  based  on  the  visual  fit  and  the  p-values  >  .05.  Explanation  of  the  use  of 
insignificant  fitted  distribution  (p  <  .05)  is  discussed  in  Chapter  4. 
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Table  10;  Distribution  of  Collected  Arrivals 


Arrivals 

Distribution 

P-Value 

Aircraft 

0.999  +  672  *  BETA(0.323,  12.5,  1) 

(KS)P<  .01 

Table  1 1 ;  Distributions  of  Collected  Aircraft  Service  Data 


AC  Type 

Service  Aircraft  Distributions 

P-Value 

PROP 

0.999 +  GAMM(3 1.8,  1.77,  2) 

(KS)P>.15 

C130 

3  +  WEIB(95.4,  1.9,  3) 

(KS)P>.15 

C17 

13  +  GAMM(30.8,  3.19,  4) 

(KS)P>.15 

LJ 

2  +  WEIB(63.6,  1.44,  5) 

(KS)P>.15 

C2 

1.5 +  LOGN(14.6,  9,  6) 

(ChiSq)  P  <  .005 

B727 

30  +  WEIB(102,  1.64,  7) 

(KS)P>.15 

GULFSTREAM 

7  + WEIB(65.4,  1.67,  8) 

(KS)P>.15 

B737 

27  +  WEIB(107,  1.6,  9) 

(KS)P>.15 

CN235 

26  + WEIB(65.1,  1.36,  10) 

(KS)P>.15 

IL76 

58  +  WEIB(87.8,  1.03,  11) 

(KS)P>.15 

B757 

69+  156  *BETA(1.65,  2.61,  12) 

(KS)P>  .15 

C12 

6  +  EXPO(39.7,  13) 

(KS)P>.15 

DASH8 

35  +  162  *  BET A(  1.3 1,2.6,  14) 

(KS)P>.15 

LlOO 

48+  158  *  BETA(1.05,  1.67,  15) 

(KS)P>.15 

B767 

65  +  289  *  BETA(1.12,  2.03,  16) 

(KS)P>.15 

JETSTREAM 

UNIF(12.5,  91.5,  17) 

Not  Reported 

B707 

UNIF(59,  291,  18) 

(KS)P>.15 

B747 

UNIF(113,  308,  19) 

(KS)P>.15 

A3 10 

TRIA(109,  193,  243,  20) 

(KS)P>.15 

AN12 

TRIA(87,  101,250,21) 

(KS)P>.15 

Table  12;  Distributions  of  Collected  Zero  Cargo  Aircraft  Service  Data 


AC  Type 

Service  Zero  Cargo  Distributions 

P-Value 

C130 

TRIA(61,  118,  180,  22) 

(KS)P>.15 

C17 

65 +  WEIB(77.5,  0.891,23) 

(KS)P>.15 
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Table  13;  Distributions  of  Collected  Aircraft  Cargo  Data 


AC  Type 

Aircraft/Cargo  Weight  Distributions 

P-Value 

C130 

NORM(1.23e+004,  8.62e+003,  24) 

(KS)P<.01 

C17 

-0.001  +  LOGN(2.34e+013,  2.13e+023,  25) 

(KS)P<.01 

B727 

NORM(3.3e+004,  1.62e+004,  26) 

(KS)P>.15 

IL76 

TRIA(1.5e+004,  6.75e+004,  9e+004,  27) 

(KS)P>.15 

B757 

NORM(4.76e+004,  3.02e+004,  28) 

(KS)P>.15 

LlOO 

TRIA(le+004,  3e+004,  5e+004,  29) 

(KS)P>.15 

B767 

-0.001  +  EXPO(4.59e+004,  30) 

(KS)P>.15 

B747 

UNIF(4.5e+004,  2.21e+005,  31) 

(KS)P>.15 

AN12 

UNIF(1.5e+004,  3.27e+004,  32) 

(KS)P>.15 

Step  3.  Compare  input/output  transformations  with  historical  data: 

The  third  and  final  step  in  the  validation  will  result  in  comparing  the  output  data 
from  the  simulation  with  the  collected  data  sets.  More  detail  in  the  validation  will  be 
discussed  in  Chapter  4. 

Step  8:  Experimental  Design 

In  this  step,  alternatives  to  the  model  that  are  to  be  simulated  must  be  determined 
for  experimentation.  (Banks,  Carson  II,  Nelson,  &  Nicol,  2010)  This  study  uses  Design 
of  Experiments  (DOE)  to  plan  the  statistical  experimentation  in  an  efficient  scientific 
approach.  DOE  refers  to  the  process  of  planning  the  experiment  so  that  appropriate  data 
will  be  collected  and  analyzed  by  statistical  methods,  resulting  in  valid  and  objective 
conclusions. 

Factorial  designs  are  widely  used  to  experiment  the  response  of  several  factors  in 
a  study.  (Montgomery,  2009)  The  aim  of  this  study  is  to  report  four  responses  based  on 
the  four  treatments  of  two  factors.  This  results  in  a  2  factorial  design.  Each  level  of  the 
factors  are  labeled  low  (-)  or  high  (+).  The  objective  of  the  experiment  is  to  determine 
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how  adjustments  to  either  of  the  two  factors  would  affect  the  response.  (Montgomery, 
2009) 


In  order  to  obtain  enough  point  estimate  values  to  support  the  central  limit 
theorem  (n>  30),  30  simulated  replications  will  be  completed.  An  analysis  of  variance 
(ANOVA)  will  be  used  to  calculate  statistical  differences  between  the  mean  values  of  the 
point  estimators  from  each  response.  A  visual  depiction  of  the  experimental  plan  is 
shown  in  Figure  23. 


Design  of  Experiments 

Base 


Scenario 


Scenario  1  Scenario  2  Scenario  3 


Factor  1 


Factor  2 


— 

— 

+ 

+ 

-  Response  — 

-  Response  - 

-  Response  - 

-  Response  - 

- 

+ 

- 

+ 

Figure  23:  Design  of  Experiments 


In  order  to  reduce  variance  in  the  point  estimators.  Common  Random  Number 
(CRN)  streams  are  used  for  each  statistical  distribution.  CRN  means  that,  for  each 
replication,  the  same  stream  of  random  numbers  is  used  to  simulate  each  system.  The 
purpose  of  using  CRN  is  to  introduce  a  positive  correlation  between  the  point  estimates 
of  each  replication.  This  achieves  a  variance  reduction  in  the  mean  difference  between 
the  point  estimators.  (Banks,  Carson  II,  Nelson,  &  Nicol,  2010)  More  detail  in  the 


experimental  design  will  be  discussed  in  Chapter  4. 
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Step  9:  Production  Runs  and  Analysis 

This  step  is  the  exeeution  of  the  simulation  model  and  analysis  of  its  output. 
(Banks,  Carson  II,  Nelson,  &  Nicol,  2010)  More  detail  in  the  analysis  and  design  will  be 
discussed  in  Chapter  4. 

Step  10:  More  Runs? 

Given  the  analysis  of  runs  completed  for  this  thesis,  more  runs  will  be  determined 
by  the  user  of  the  model.  The  user  will  determine  additional  developments  of 
experimental  designs  and  execute  them  as  appropriate. 

Step  11:  Documentation  and  Reporting 

This  thesis  serves  as  the  documentation  and  reporting  of  the  development  of  this 
simulation  model. 

Step  12:  Implementation 

The  objective  of  this  simulation  model  is  for  it  to  be  used  for  future  decision 
making  in  JTF-PO  operations  conducting  HA/DR  missions.  Upon  completion  of  this 
thesis,  the  model  will  be  delivered  to  the  user  for  implementation. 

Conclusion 

This  chapter  explained  the  methodology  used  to  develop  the  simulation  model  for 
evaluating  the  Joint  Task  Force-Port  Opening  operation  in  HA/DR  environments.  The 
first  section  defined  simulation  and  identified  when  it  should  not  be  attempted  to  model 
systems.  The  next  section  identified  the  overarching  requirements  of  building  models  in 
a  defense  logistics  network.  This  was  followed  by  a  brief  introduction  to  the  method  of 
discrete-event  simulation.  Next,  a  definition  of  simulation  terms  was  introduced  in  order 
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to  provide  a  framework  of  understanding  diserete-event  simulation  with  Arena® 
software.  Finally,  the  twelve-step  proeess  of  simulation  model  building  was  introdueed 
and  aeeompanied  by  a  detailed  deseription  of  the  use  of  eaeh  step  in  the  author’s  researeh 
effort. 
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IV.  Analysis  and  Results 

Introduction 

This  chapter  begins  by  reeapturing  the  assumptions,  limitations  and  observations 
of  the  JTF-PO  simulation  model.  The  next  seetions  validates  the  model  by  eomparing  its 
output  measures  against  the  output  measures  retrieved  from  Operation  UNIFIED 
RESPONSE  in  order  to  eompare  the  simulation  model’s  resemblanee  of  real  world 
operations.  The  next  seetion  analyzes  the  experimental  design  and  eonduets  statistieal 
testing  to  determine  differenees  between  experiments.  Finally,  the  ehapter  ends  with 
results  to  answer  the  investigative  questions  and  researeh  question. 

Prior  to  model  validation,  a  reeount  of  the  assumptions,  limitations  and 
observations  are  presented  again  in  order  to  solidify  the  understanding  of  the  boundaries 
of  the  model. 

Assumptions/Limitations/Observations 

The  model  ereated  for  this  researeh  is  built  upon  assumptions  derived  from 
Department  of  Defense  Regulations,  JTF-PO  subject  matter  experts  (SMEs)  and  the  data 
eolleeted  from  the  Operation  UNIFIED  RESPONSE  after  aetion  report  (AAR)  in  Port- 
au-Prinee,  Haiti  16  January  -  17  February  2010. 

Assumptions 

1.  Operation  UNIFIED  RESPONSE  aireraft  arrivals  rates  and  times  are 
representative  of  future  seenarios. 

2.  90%  of  all  cargo  is  palletized  at  10,000  pounds  each. 

3.  All  palletized  eargo  is  loaded  on  the  standard  military  463 E  pallet. 


65 


AFIT/LSCM/ENS/12-04 


4.  Missing  aircraft  cargo  data  is  treated  as  an  empty  aircraft. 

5.  No  known  delays  in  aireraft  ground  handling,  or  eargo  distribution  were 
annotated  and  are  assumed  out  of  the  model. 

6.  Serviee  times  for  aireraft  are  ealculated  as  the  differenee  between  the  arrival 
and  departure  of  all  aireraft. 

7.  Individual  aetions  within  the  timeframe  of  aireraft  servieing  were  not  eaptured 
and  therefore  assumed  to  be  faetored  into  the  serviee  times.  They  are  as 
follows,  aerial  port  teams’  transportation  to  aircraft,  amount  of  time  to 
download  eargo,  transport  of  eargo  from  aireraft  to  elearanee  yard,  and  any 
required  upload  of  passengers  or  eargo. 

8.  All  eargo  is  destined  to  the  final  staging  point  at  the  Forward  Node. 

9.  Transport  time  of  taxiing  aireraft  is  held  at  a  eonstant  five  minutes. 

10.  The  main  supply  route  is  10  kilometers  long. 

11.  Truek  speed  on  the  main  supply  route  is  15  kilometers  per  hour. 

12.  Transport  time  on  the  main  supply  route  is  40  minutes  one  way  between 
elearanee  yard  and  forward  node. 

13.  Trueks  are  available  at  all  times  to  reeeive  eargo  at  the  distribution  point. 

14.  Trueks  used  by  the  eustomers  have  the  same  eharaeteristies  as  the  Heavy 
Expanded  Mobility  Taetical  Truek  (HEMTT). 

15.  Customer  trueks  take  a  standard  20-30  minutes  to  load. 

Limitations 

1.  The  model  only  eaptures  the  offload  and  distribution  of  eargo  and  does  not 
eapture  any  upload  operations. 
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2.  The  model  remains  within  the  bounds  of  the  JTF-PO  operation  from  aircraft 
arrival  to  distribution  of  cargo. 

3.  The  model  does  not  consider  cargo  issued  from  the  clearance  yard. 

4.  The  model  does  not  consider  passenger  processing  operations. 

Observations 

1 .  High  fidelity  of  aircraft  arrival  data  from  AAR: 

Of  the  3,006  reported  aircraft  arrivals  in  37  days,  2,561  arrivals  in  32  days 
were  recorded  (85%  of  reported  missions  on  the  after  action  report). 

2.  High  fidelity  of  aircraft  service  times  with  n  >  12  arrivals  into  the  location: 

Of  the  2,561  arrivals  into  the  location,  94  different  aircraft  types  were 
recorded.  Any  aircraft  that  arrived  more  than  12  times,  and  were  recorded  as 
being  serviced,  were  selected  to  use  in  the  simulation.  This  resulted  in  a 
sampling  of  the  top  20  aircraft  with  an  overall  n  =  2,300  arrivals  serviced 
(99%  of  collected  aircraft  arrival  data). 

3.  Moderate  fidelity  of  aircraft  cargo  weight  data  collected  from  aircraft  service 
times: 

Of  the  2,300  aircraft  serviced,  882  aircraft  were  identified  as  cargo 
carrying  aircraft;  516  of  those  aircraft  were  recorded  with  cargo  weight  data 
(59%  of  collected  cargo  aircraft  service  data). 

4.  82%  of  aircraft  arrived  via  US  commercial  or  international  thus  a  majority  of 
the  cargo  was  not  in  the  traditional  463 L  pallet  configuration.  Cargo  arrived 
loose,  civilian  pallet  sized  (1.5  times  larger  than  the  463L  pallet)  or  warehouse 
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skid  configuration.  For  reporting,  all  cargo  was  converted  to  a  463 L 
equivalent  pallet. 


Model  Validation 

The  model  validation  consists  of  examining  the  insignificant  distribution  fits  in 
the  model  and  simulating  Operation  UNIFIED  RESPONSE  in  order  to  measure  its 
offload  of  cargo  and  throughput  of  aircraft  in  the  system.  Using  the  stoehastic 
distributions  identified  in  Table  10  -  Table  13,  the  resourees  identified  in  Table  14,  the 
operation  was  simulated  under  30  replications  for  32  days.  The  simulation  results  will  be 
compared  to  the  results  of  reality  to  determine  if  the  model  is  a  valid  representation  of  the 
real  world. 


Table  14;  Haiti  Resouree  Quantities 


Resource 

Qty 

Runway 

1 

Taxiway 

1 

Follow  Me  Truck 

1 

MX  Team 

2 

Parking  Spot 

10 

Parking  Spot  Grass 

4 

Aerial  Port  Team 

2-5* 

Clearance  Yard  Space 

276 

Clearanee  Seetion  Team 

2 

HEMTT  LHS 

4 

LHS  Flatracks 

24 

MSR 

Infinite 

Forward  Node  Spaee 

450 

Distribution  Section  Team 

2 

*Note;  Aerial  Port  Team  eapacity 
started  at  2  then  inereased  to  5  on  21 
January  2010  per  AAR. 
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Table  15  identifies  the  eomparison  of  real  world  aireraft  throughput  from  the 
colleeted  data  with  the  simulation  aircraft  throughput.  A  difference  of  17  arrivals 
indicates  the  simulation  is  collecting  .66%  below  the  real  world  aircraft  arrivals. 
Furthermore,  Figure  24  identifies  a  visual  fit  of  the  beta  distribution  to  warrant  its  use.  A 
close  look  at  the  data  suggests  the  reason  for  the  lack  of  fit  may  be  due  to  the  large 
number  of  inter-arrivals  times  (n  =  2,561)  used  to  test  for  distribution  significance. 
Taken  all  together,  the  distribution  is  a  valid  fit. 


Table  15;  Aircraft  Throughput  Comparison 


Real  World 

Qty  Throughput 

Sim 

Qty  Throughput 

Diff 

%  Diff 

2,561 

2,578 

+17 

+0.66% 

Figure  25  and  Figure  26  identifies  the  visual  distribution  fit  for  C2  and  Jetstream 
aircraft  service  times.  Visually,  the  distribution  suggests  they  are  a  valid  fit  for 
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simulation  purposes.  A  close  look  at  the  data  suggests  the  lack-of-fit  is  due  to 


Figure  25:  C2  Service  Lognormal  Distribution  Fit 


Figure  26:  Jetstream  Service  Flniform  Distribution  Fit 
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Though  C-130  and  C-17  cargo  weight  distributions  resulted  in  insignifieant  values 
in  Table  13  (p  <  .05),  Table  16  identifies  the  pallet  offload  eomparison  between  eolleeted 
real  world  output  and  simulated  output  are  a  valid  representation.  Figure  27  suggests  a 
visual  fit  for  C-130  aireraft  but  Figure  28  suggests  otherwise  for  C-17  aireraft.  A  elose 
look  at  the  data  suggests  that  the  reason  for  a  lack-of-fit  may  be  due  to  the  large  number 
of  aireraft  with  zero  cargo  reported.  Aceording  to  an  artiele  written  by  Sehmeiser, 
(1999),  goodness-of-fit  tests  deal  with  statistical  significance  and  not  praetieal 
signifieance.  He  mentions  further  that  a  modeler  should  not  foeus  on  whether  the  input  is 
absolutely  eorreet,  but  whether  it  is  adequate  for  the  analysis  at  hand.  The  fallaey  of  the 
test  is  made  obvious  when  there  is  a  large  real  world  data  set  used  which  yields  a  larger 
power  and  the  error  in  the  model  becomes  statistically  significant.  Conceptually,  the 
results  in  Table  16  assume  otherwise.  Analysis  of  other  distribution  fits  resulted  in  the 
best  distribution  fit  for  C-130  and  C-17  aireraft  are  the  ones  identified  in  Table  13. 


Table  16;  Pallet  Offload  Comparison 


AC  Type 

Real  World 
Qty/Plts 

Sim 

Qty/Plts 

Diff 

Qty/Plts 

%  Diff 

C130 

175 

148 

-27 

-15% 

C17 

1,306 

1,382 

+76 

+5% 
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The  results  of  the  model  validation  are  identified  in  Table  17.  The  real  world 
column  identifies  the  number  of  aircraft  arrivals  and  cargo  offload  collected  for  32  days 
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(17  Jan  -  17  Feb  2010).  The  simulation  eolumn  identifies  aireraft  arrivals  and  eargo 
offioad  from  30  replications  of  32  days  (17  Jan  -  17  Feb  2010)  using  a  stochastic  aircraft 
arrival  distribution.  A  difference  of  18  arrivals  indicates  the  simulation  is  collecting  1% 
above  the  documented  aircraft  arrivals  in  the  operation.  A  difference  of  58  pallets 
indicates  the  simulation  is  capturing  3%  above  the  reported  cargo  offloaded. 

Table  17;  JTF-PO  Simulation  Validation  Results 


Real 

World 

Simulation 

Difference 

Percentage 

Difference 

Aircraft  Throughput 

*2,561 

2,579 

+18 

+1% 

Pallet  Offload 

*2,014 

2,072 

+58 

+3% 

*Collected  from  Operation  UNIFIED  RESPONSE  data  set. 


A  95%  confidence  interval  was  calculated  around  the  simulation  output  to 
determine  if  the  real  world  totals  were  captured  within  the  lower  and  upper  bounds  of  the 
its  limits  (Table  18,  Figure  29  and  Figure  30).  The  results  indicate  that  the  Real  World 
Aircraft  Throughput  and  Pallet  Offload  do  fall  within  the  limits  of  the  simulated  results. 
This  indicates  that  the  model  makes  valid  representation  of  the  real  world  data  provided 
by  the  SMEs.  The  next  step  will  be  to  conduct  further  experimental  testing  to  determine 
the  best-case  scenario  for  future  JTF-PO  missions  by  adjusting  the  Working  and 
Distribution  MOG  resources. 

Table  18;  Haiti  Simulation  95%  Confidence  Interval  Statistics 


Average 

Std  Dev 

Lower 

Confidence 

Limit 

Upper 

Confidence 

Limit 

Min 

Max 

Aircraft  Throughput 

2,579 

74 

2,552 

2,609 

2,440 

2,710 

Pallet  Offload 

2,072 

180 

2,005 

2,139 

1,740 

2,450 
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Observation  Intervals 

I'i  Confidence  Interval  JTF-PO  Simjlation  Validation  Real  worw 

2,014 


Haiti  Pallets  1^40  i| 
Offload 


2,072 


2,139 


S5ICL 


2,450 


Figure  29:  Haiti  Simulation  Pallets  Offloaded  Confidence  Interval 


Observation  Intervals 

111 

9K  Confidence  Interval  JTF-PO  Simulation  Validation 


Haiti  AC  Ttiraughput  2,440 

2,579 

^ _  9  710 

2,552  2,606 


Figure  30:  Haiti  Simulation  Aircraft  Throughput  Confidence  Interval 

Analysis  of  Experimental  Design 

The  experimental  design  serves  the  purpose  to  provides  the  user  insight  into  the 
best  mix  of  resources  that  will  maximize  the  point  estimators  of  cargo  throughput  in  a 
HA/DR  environment.  Figure  31  identifies  the  2  factorial  design  to  use  in  this  research. 
The  design  consists  of  factors,  levels,  responses,  and  scenarios.  The  factors  are 
categorized  into  two  areas.  Working  MOG  and  Distribution  MOG.  The  Working  MOG 
consists  of  the  Aerial  Port  Team  resources  and  the  Distribution  MOG  consists  of  the 
Distribution  Section  Team  resources.  The  levels  represent  the  four  combinations  of 
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resources  that  each  factor  will  utilize  in  the  scenarios.  The  responses  represent  the 
average  cargo  throughput  to  expect  for  each  experiment.  The  scenarios  are  categorized 
into  four  experiments,  CONOPS,  DOEl,  DOE2  and  DOES.  The  CONOPS  scenario 
represents  the  baseline  number  of  resources  used  for  planning  according  to  the  JTE-PO 
Concept  of  Operations.  The  subsequent  scenario,  DOEl  -  DOES,  represent  the 
combination  of  resources  each  factor  will  utilize. 

In  order  to  check  the  robustness  of  the  simulation  model,  a  form  of  sensitivity 
analysis  is  performed  to  test  the  relationship  between  factors  and  responses.  Sensitivity 
analysis  is  the  investigation  of  potential  changes  and  errors  in  parameter  values  and 
assumptions  and  there  impacts  on  conclusions  to  be  drawn  from  the  model.  (Pannell, 
1996)  Eor  experimental  purposes,  the  time  between  aircraft  arrivals  is  cut  in  half  in  order 
to  double  the  aircraft  arrival  rate  into  the  system.  This  procedure  allows  the  model  to  run 
at  a  higher  capacity  and  test  the  robustness  of  an  optimal  cargo  throughput  solution. 
Eurthermore,  this  supports  the  decision  maker’s  ability  to  make  correct  decisions  about 
how  to  increase  cargo  throughput. 

To  address  the  investigative  questions,  the  four  experiments  were  modeled  in 
order  to  obtain  valid  conclusions.  The  CONOPS  model  is  the  response  to  investigative 
question  IQl,  DOEl  and  DOES  models  are  the  response  to  investigative  question  IQ2, 
and  DOE2  and  DOES  models  are  the  response  to  investigative  question  IQS. 


75 


AFIT/LSCM/ENS/12-04 


Design  of  Experiments  Cargo  Throughput 


Working  MOG 


Distribution  MOG 


Figure  31;  Design  of  Experiments  Cargo  Throughput 

CONOPS  Experiment: 

The  CONOPS  experiment  was  designed  as  a  baseline  model,  defined  by  the 
Concept  of  Operations  for  the  JTE-PO,  to  measure  against  all  other  experimental  designs. 
A  working  MOG  of  two  aircraft  and  Distribution  MOG  of  two  trucks  are  the  two  factors 
of  interest  in  the  model  and  are  represented  as  AerialPortTeam  and 
Distribution  Section  Team  resources,  respectively.  After  adjusting  the  values  of  the 
resources  and  running  the  model  for  30  replications,  the  results  of  the  experiment  indicate 
2,935  pallet  throughputs.  Additional  statistics  indicate  a  99%  utilization  rate  on  the 
Aerial  Port  Team  and  80%  utilization  rate  on  the  Distribution  Section  Team. 

DOEl  Experiment: 

The  DOEl  experiment  was  designed  as  the  first  model  to  determine  changes  in 

throughput  by  adjusting  the  working  MOG  to  four  and  holding  the  Distribution  MOG 

constant  at  the  baseline  two.  After  adjusting  the  values  of  the  resources  and  running  the 
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model  for  30  replications,  the  results  of  the  experiment  indicate  an  increase  of  64  pallets 
for  a  throughput  of  2,999  pallets.  Additional  statistics  indicate  a  47%  reduction  in 
utilization  rate  to  52%  on  the  Aerial  Port  Team  and  a  steady  utilization  rate  of  81%  on 
the  Distribution  Section  Team. 

DOE2  Experiment: 

The  DOE2  experiment  was  designed  as  the  second  model  to  determine  changes  in 
throughput  by  adjusting  the  Distribution  MOG  to  four  and  holding  the  Working  MOG 
constant  at  the  baseline  two.  After  adjusting  the  values  of  the  resources  and  running  the 
model  for  30  replications,  the  results  of  the  experiment  indicate  an  increase  of  87  pallets 
for  a  throughput  of  3,022  pallets.  Additional  statistics  indicate  a  steady  utilization  rate  of 
99%  on  the  Aerial_Port_Team  and  a  49%  reduction  in  utilization  rate  to  41%  on  the 
DistributionSectionTeam. 

DOE3  Experiment: 

The  DOE3  experiment  was  designed  as  the  third  model  to  determine  changes  in 
throughput  by  adjusting  the  Distribution  MOG  and  the  Working  MOG  to  four.  After 
adjusting  the  values  of  the  resources  and  running  the  model  for  30  replications,  the  results 
of  the  experiment  indicate  an  increase  of  264  pallets  for  a  throughput  of  3,199  pallets. 
Additional  statistics  indicate  a  47%  reduction  in  utilization  rate  to  53%  on  the 
Aerial_Port_Team  and  a  46%  reduction  in  utilization  rate  to  43%  on  the 
DistributionSectionTeam. 

The  results  of  each  of  the  experiments  are  summarized  in  Eigure  32  and  Eigure 
33. 
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Pallet  Throughput 

Faiets  ^  ^ 


Figure  32:  Pallet  Issue  Per  Seenario 


utilization  Rate 


Scenano 


Figure  33:  Resource  Utilization  Rate  Per  Scenario 
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An  ANOVA  test  was  conducted  in  Design  Expert®.  The  ANOVA  compares  the 
effect  of  Working  and  Distribution  MOG  resources  on  cargo  throughput  under  the 
conditions  of  baseline  Working  and  Distribution  MOG  (CONOPS),  increased  Working 
MOG  (DOEl),  increased  Distribution  MOG  (DOE2),  and  increased  Working  and 
Distribution  MOG  (DOES).  The  initial  ANOVA  summary  in  Table  19  identifies  that 
there  was  a  significant  difference  between  the  effects  of  Working  and  Distribution  MOG 
resources  at  the  5%  level  (p  <  .05)  for  the  experiments  [E(df  =  3)  =  22.42,  p  <  .0001]. 
The  interaction  between  MOGs  resulted  in  no  significant  effect  on  the  model  and  is 
removed  to  show  an  improved  ANOVA  summary  in  Table  20. 


Table  19:  Initial  ANOVA  Summary 


Analysis  Of  Variance  Table 

Partial  sum  of  squares  -  Type  III] 

Source 

Sum  of 
Squares 

df 

Mean 

Square 

F 

Value 

P-Value 

Model 

1,144,615 

3 

381,538.2 

22.42 

<0.0001 

Significant 

A- Working 

MOG 

432,240 

1 

432,240 

25.4 

<0.0001 

Significant 

B-Distribution 

MOG 

615,473.6 

1 

615,473.6 

36.18 

<0.0001 

Significant 

AB 

96,900.83 

1 

96,900.83 

5.69 

0.02 

Not 

Significant 

Pure  Error 

1,973,960 

116 

17,016.9 
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Table  20;  Improved  ANOVA  Summary 


Improved  Analysis  Of  Variance  table  [Partial  sum  of  squares  -  Type  III] 

Source 

Sum  of 
Squares 

df 

Mean 

Square 

F 

Value 

P-Value 

Model 

1,047,714 

2 

523,856.8 

29.59699 

<0.0001 

Significant 

A-Working 

MOG 

432,240 

1 

432,240 

24.4208 

<0.0001 

Significant 

B-Distribution 

MOG 

615,473.6 

1 

615,473.6 

34.77318 

<0.0001 

Significant 

Residual 

2,070,861 

117 

17,699.66 

Pure  Error 

1,973,960 

116 

17,016.9 

A  comparison  of  means  is  identified  in  Figure  34  and  indicates  that  there  appears 
to  be  significant  differences  between  CONOPS  (M  =  2,935,  SD  =  91),  DOE2  (M  =  3,022, 
SD  =  121)  and  DOE3  (M  =  3,199,  SD  =  155).  Furthermore,  DOEl  (M  =  2,999,  SD  = 
145)  appears  to  not  significantly  differ  from  CONOPS  and  DOE2.  Finally,  DOE3 
appears  to  exhibit  the  only  significant  difference  between  all  other  remaining  scenarios. 
Taken  together,  these  results  suggest  that  an  increase  in  Working  and  Distribution  MOG 
resources  (DOE3)  resulted  in  a  significant  difference  in  the  effect  on  cargo  throughput. 
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®  Lower  C.L. 


Figure  34:  Confidence  Interval  Comparisons 


In  order  for  the  results  of  an  ANOVA  to  be  considered  reliable,  the  assumptions 
must  be  first  examined  (normality,  constant  variance  and  independence  of  the  residuals). 
Figure  35  identifies  that  the  residuals  visually  pass  the  test  for  normality.  Figure  36 
identifies  that  the  residuals  do  not  exhibit  any  heteroscedasticity  in  the  residuals  and  thus 
visually  exhibit  equal  constant  variance.  Since  simulation  has  robust  random  number 
generation  it  safe  to  assume  independent  random  observations.  The  assumptions  for 
ANOVA  pass  thus  the  results  to  the  investigative  questions  can  be  fulfilled  next. 
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Normal  Plot  of  Residuals 


Internally  Studentized  Residuals 

Figure  35:  Assumption  Test  for  Normality 


Residuals  vs.  Predicted 


Figure  36:  Assumption  Test  for  Constant  Variance 
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Results  of  the  Investigative  Questions 

IQl:  What  is  the  throughput  of  inbound  cargo  under  planned  concept  of  operations 
(CONOPS)  given  the  conditions  of  an  HA/DR  environment? 

Throughput  of  cargo  under  planned  CONOPS  given  the  conditions  of  an 
HA/DR  environment  resulted  in  2,935  pallets. 

IQ2;  How  does  inbound  cargo  throughput  respond  to  a  change  in  the  working 
maximum  on  ground  (MOG)  resources  given  the  conditions  of  an  HA/DR 
environment? 

Throughput  of  inbound  cargo  under  an  increase  in  the  working  MOG 
resources  given  the  conditions  of  an  HA/DR  environment  resulted  in  2,999 
pallets  if  Working  MOG  is  the  sole  increase  in  resources. 

IQS:  How  does  inbound  cargo  throughput  respond  to  a  change  in  the  distribution 
MOG  resources  given  the  conditions  of  an  HA/DR  environment? 

Throughput  of  inbound  cargo  under  an  increase  in  the  distribution  yard 
capability  given  the  conditions  of  an  HA/DR  environment  resulted  in  3,022 
pallets  if  Distribution  MOG  is  the  sole  increase  in  resources. 

Answer  to  the  Research  Question 

The  purpose  of  this  research  was  to  create  a  decision  model  through  discrete- 
event  simulation  to  support  JTF-PO  operational  planning  in  order  to  predict  throughput  of 
cargo  under  HA/DR  scenario  using  aircraft  and  cargo  data  collected  from  Operation 
UNIFIED  RESPONSE.  The  result  of  the  research  question  is  highlighted  by  Figure  37. 
The  increase  of  the  Working  MOG  increases  pallet  throughput  by  2%.  The  increase  of 
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Distribution  MOG  increases  pallet  throughput  by  3%.  The  inerease  of  both  MOG 
resources  inereases  pallet  throughput  by  8%.  This  suggests  that  an  increase  in 
Distribution  MOG  should  be  eonsidered  before  an  increase  in  Working  MOG  beeause  it 
results  in  a  1%  larger  inerease.  But  in  order  to  maximize  eargo  throughput,  an  inerease  of 
both  resourees  should  be  eonsidered  beeause  they  result  in  the  largest  pereentage  inerease 
over  all  others. 

Design  of  Experiments  Cargo  Throughput 


Working  MOG 


Distribution  MOG 


Figure  37:  Design  of  Experiments  Cargo  Throughput  Results 
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Conclusion 

This  ehapter  validated  the  JTE-PO  simulation  model  by  eomparing  its  output 
measures  against  the  output  measures  retrieved  from  Operation  UNIEIED  RESPONSE  in 
order  to  eompare  the  simulation  model’s  resemblanee  of  real  world  operations.  The  next 
seetion  analyzed  the  experimental  design  and  eondueted  statistieal  testing  to  determine 
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differences  between  experiments.  Finally,  the  chapter  ended  with  results  to  answer  the 
investigative  questions  and  research  question. 
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V.  Conclusion  and  Remarks 

Introduction 

This  chapter  begins  with  a  summary  of  the  researeh  eondueted.  Next,  the 
researeh  eonelusion  seetion  reports  its  findings.  The  ehapter  eoneludes  with 
reeommendations  for  future  researeh. 

Research  Summary 

The  simulation  model  developed  for  this  researeh  provides  JTF-PO  deeision 
makers  the  ability  to  prediet  eargo  throughput  in  a  HA/DR  seenario  using  aireraft  and 
eargo  data  eolleeted  from  Operation  UNIFIED  RESPONSE.  Though  not  all  operations 
are  the  same,  the  result  of  this  study  provides  the  deeision  makers  a  baseline  to  measure 
against  other  potential  seenario  outputs  resulting  from  adjustments  made  to  the 
simulation  model. 

Model  Verifieation  was  aeeomplished  through  the  use  of  two  SMEs,  the  JTE-PO 
leadership  and  the  Center  for  Operational  Analysis  Eab  in  the  Department  of  Operational 
Seienee  from  the  Air  Eoree  Institute  of  Teehnology.  Furthermore,  dynamie  verifieation 
was  eondueted  by  running  the  model  iteratively  and  eomparing  results  with  expeeted 
outeomes.  The  purpose  of  this  step  was  to  ensure  the  model  was  built  correctly. 

Model  validation  was  aeeomplished  using  a  three-step  approaeh  to  ensure  the 
correct  model  is  eonstrueted.  The  first  step  eonsisted  of  produeing  a  model  with  high 
faee  validity  and  to  ensure  the  eorreet  use  of  the  Arena®  software.  Furthermore,  JTF-PO 
SMEs  were  used  to  ensure  the  eorreet  proeesses  were  ineluded  in  the  model.  The  seeond 
step  utilized  Arena’s  Input  Analyzer®  software  to  validate  the  assumptions  of  the 
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statistical  distributions  of  the  data.  The  third  step  compared  the  output  of  the  simulation 
with  the  output  reported  from  Operation  UNIFIED  RESPONSE  for  whieh  the  data  was 
eolleeted.  The  limitation  of  the  model  was  eonstrained  by  the  fidelity  of  the  data 
eolleeted  and  thus  provided  a  elose  resemblanee  of  real-world  operations,  but  not  a 
perfeet  mateh. 

Research  Conclusion 

After  the  verifieation  and  validation,  Design  of  Experiments  was  utilized  to  plan 
the  statistieal  experimentation  of  four  different  seenarios  resulting  in  a  two  faetorial 
design.  A  baseline  model  was  eonstrueted  under  the  planned  JTE-PO  Coneept  of 
Operations.  Three  more  seenarios  tested  the  effeets  of  adjusting  aerial  port  and 
distribution  section  resources  on  eargo  throughput. 

The  experiments  suggest  that,  under  the  researeh  assumptions,  an  inerease  in  both 
Working  and  Distribution  MOG  resourees  will  result  in  the  largest  pereentage  inerease  in 
pallet  throughput.  If  given  the  opportunity  to  inerease  resourees  in  a  JTF-PO  operation  in 
order  to  inerease  pallet  throughput.  Distribution  MOG  resources  have  small  1% 
advantage  over  Working  MOG  resources,  but  the  largest  impaet  should  be  to  inerease 
both  resources. 

Eurthermore,  this  researeh  indieates  that  utilization  rates  are  extremely  high  for 
the  Working  MOG  and  Distribution  MOG  resourees  under  the  CONOPS  seenario.  By 
doubling  the  eapaeity  of  the  Working  MOG,  the  utilization  rates  are  cut  by  47%  and 
doubling  the  eapaeity  of  the  Distribution  MOG,  the  utilization  rates  are  redueed  by  39%. 
If  given  the  opportunity  to  inerease  resourees  in  a  JTE-PO  operation  in  order  to  reduee 
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utilization  rates,  Working  MOG  resources  have  an  advantage  over  Distribution  MOG 
resources  and  should  be  considered  first.  However,  taken  together  with  pallet 
throughput,  an  increase  in  both  resources  results  in  increased  pallet  throughput  and 
decreased  resource  utilization  rates.  The  result  of  less  utilization  in  the  resources  would 
free  them  up  and  allow  JTF-PO  leadership  the  ability  to  employ  them  in  areas  that  may 
require  additional  assistance.  Increasing  both  Working  and  Distribution  MOG  resources 
should  be  the  focus  of  decision  makers  when  it  comes  to  maximizing  cargo  throughput 
and  reducing  resource  utilization. 

Recommended  Future  Research 

Any  research  has  limitations  and  can  be  improved  upon,  this  research  is  no 
exception.  The  data  used  was  not  obtained  from  ITV  systems,  but  from  manually 
inputted  spreadsheets.  This  is  due  to  the  nature  of  the  global  response  to  the  operation 
and  lack  of  integrated  ITV  systems  with  the  international  aviation  community.  If  ITV 
systems  become  integrated  internationally,  better  use  of  them  will  produce  better  data 
which  will  resort  in  more  robust  simulations  of  humanitarian  operations. 

Measures  of  Interest 

This  model  considered  cargo  throughput  as  the  output  of  interest.  By  including 
aircraft  arrival  distributions  that  mimic  other  real-world  operations,  a  study  of  the 
difference  in  aircraft  throughput  could  be  measured  and  compared  with  the  baseline 
model  of  this  study.  By  doing  so,  the  effects  of  adjusting  the  working  MOG  resources 
could  measure  aircraft  throughput. 
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Another  measure  of  interest  that  was  not  ineluded  in  the  model  would  be  fuel 
usage.  A  eolleetion  of  fuel  usage  of  JTF-PO  resourees  in  the  model  (Aerial  Port  Teams, 
Clearanee  Seetion  Teams,  HEMTT  LHS,  and  Distribution  Section  Teams)  would 
determine  fuel  demand  of  their  respeetive  material  handling  equipment  (MHE).  This 
would  provide  deeision  makers  the  ability  to  ealeulate  the  fuel  requirements  of  MHE. 

Eurthermore,  ineluding  a  eustomer  arrival  distribution  at  the  end  of  the  simulation 
will  allow  the  model  to  measure  the  effeetiveness  of  the  forward  node  operations  under 
different  eustomer  arrival  eriteria.  This  would  allow  decision  makers  the  ability  to  study 
the  queue  of  cargo  at  the  forward  node  based  on  a  customer  arrival  distribution. 

Since  the  JTF-PO  mission  is  required  to  fulfill  passenger  processing,  another 
measure  of  interest  to  be  included  into  the  model  is  the  processing  of  outbound 
passengers.  A  study  of  the  resources  needed  and  associated  times  of  service  along  with  a 
distribution  of  passenger  arrivals  into  a  process  queue  would  be  required.  This  would 
provide  decision  makers  the  ability  to  add  to  the  aerial  port  resources  for  passenger 
processing  mission  and  provide  a  third  measured  output  of  interest,  passenger  throughput. 

This  thesis  focused  on  only  two  resources  of  interest,  Aerial_Port_Team  and 
Distribution  Section  Team.  This  simulation  has  the  potential  to  adjust  the  other  12 
resources  included  in  the  model  in  order  to  study  the  throughput  of  cargo  and  their 
utilization  rates.  By  doing  so,  decision  makers  will  have  the  ability  to  consider 
bottlenecks  in  the  process  and  address  them  appropriately. 
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Conclusion 

This  chapter  began  with  a  summary  of  the  researeh  eonducted.  Next,  the  researeh 
eonelusion  seetion  reported  its  findings.  The  ehapter  eoneluded  with  reeommendations 
for  future  research.  The  results  of  this  researeh  suggest  the  JTF-PO  simulation  model  can 
be  used  as  a  baseline  model  and  modified  for  future  studies.  It  is  a  good  starting  point 
that  can  only  be  improved  upon  as  inereased  fidelity  of  data  sources  beeome  available 
that  would  reduee  the  limitations  imposed  upon  it. 
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INTRODI  (  TION 


No  capabilityexisU  to  simulate  andmeasurea  Joint  Task  Force-Port  Opening  operation  ui  a  safe,  cost- 
effective  environment  in  order  to  detemune  die  best  mix  of  resources  needed  in  order  to  maximize  cargo 
ihronglipui 


The  purpose  of  this  research  is  to  create  a  decision  model  through  discrete-event  simulation  to  support  JTF-PO 
operadonal  planning  in  order  to  determine  the  best  mix  of  resources  critical  in  maxinuzing  cargo  throughput 
under  a  I  Imnanitarian  Assistance/Disaster  Response  (1  lA/DR)  scenario 


What  combination  of  JTF-PO  resources  maximize  the  throughput  of  inbound  cargo  given  the  conditians  of  a 
Humanitarian  Assistance/Disaster  Response  environment? 

InvMtigative.QueaJipns . 

I  What  IS  the  duoughput  of  mbound  cargo  under  planned  concept  of  operatioiis  given  the  conditions  of  an 
HA/DR  environment’’ 

1.  How  does  inbound  cargo  throughput  respond  to  a  change  in  the  working  maximum  onground  (MOG) 
resources  given  the  conditions  of  an  HA/DR  environment? 

3  How  docs  mbound  cargo  throughput  respond  to  a  change  in  die  cbsiribution  MCXl  resources  given  the 
conditions  of  an  HA/DR  environment’’ 
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Working  and  Distribution  MOGs  have  a  significant  effect  on  cargo  throughput 

Utilization  rates  suggests  a  higher  operahons-lempo  forbodi  resources  under  CONOPS  condibons 

Increasing  Working  and  Distribution  MCX3  resources  (DOE3)  will . 

1.  Provide  a  higher  return  of  pallet  throughput  1^  8% 

2.  Reduce WorfcingMOG  utUi2ationrales^<17%. 

3.  Reduce  Distnbubon  MOG  utilization  rates  by  39% 
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Appendix  B 


JOURNAL  ARTICLE  MANUSCRIPT 

A  SIMULATION  TO  EVALUATE  JOINT  MU  IT  ARY  LOGISTICS  IN  A 
HUMANITARIAN  ASSISTANCE  OPERATION 

Introduction 


Background 

Expeditionary  Air  Eorce  units  designed  to  open  airfields  are  not  new  to  the 
military,  but  a  rapidly  deployable  multi-modal  and  distribution  eoneept  is  a  young 
eapability.  Sinee  World  War  II,  the  Air  Eoree  has  slowly  transitioned  from  massive  war¬ 
fighting  eapability  stationed  all  around  the  world  to  a  light,  lean,  and  lethal  expeditionary 
eapability  designed  to  deploy  to  anywhere  in  the  world. 

During  an  overarehing  Air  Eoree  serviee  restrueture  in  1997,  numerous  functions 
required  to  operate  forward  mobility  locations  were  realigned  under  one  command.  Air 
Mobility  Command.  The  Air  Mobility  Operations  Group  (AMOG)  was  formed  to 
establish  key  capabilities  needed  to  rapidly  open  and  operate  an  airfield  under  deployed 
conditions  for  short  periods  of  time.  (Zahn,  2007)  In  1999,  the  transition  from  AMOG  to 
a  new  concept  called  the  Contingency  Response  Group  (CRG)  was  initiated  by  General 
John  P.  Jumper,  Commander  United  States  Air  Eorces  in  Europe  (USAEE).  Though  the 
AMOG  was  a  useful  tool  in  air  mobility  operations,  the  benefit  of  the  CRG  lies  in  its 
cross-functionality  of  40  Air  Eorce  capabilities  under  a  single  commander.  (Jumper, 
1999) 


In  2005,  the  Defense  Science  Board  Task  Eorce  on  Mobility  identified  the  need 
for  improvements  in  expeditionary  rapid  port  opening,  throughput  capabilities,  movement 
synchronization  and  increased  asset  visibility.  After  action  reports  from  contingency 
operations  such  as  Operations  ALEIED  EORCE,  ENDURING  FREEDOM,  and  IRAQI 
EREEDOM  highlighted  the  challenges  of  integrating  port  and  distribution  operations.  In 
response  to  the  board.  United  States  Transportation  Command  (USTRANSCOM)  built 
upon  the  capability  of  the  Air  Eorce  port  centric  CRG  and  created  the  Joint  Task  Eorce- 
Port  Opening  (JTF-PO).  The  creation  of  the  Army  distribution  centric  Rapid  Port 
Opening  Element  (RPOE)  resulted  in  culmination  of  the  JTF-PO  concept  and  reached 
initial  operation  capable  (IOC)  on  2  November  2006.  JTF-PO  provides  the  capability  to 
rapidly  deploy  contingency  response  Air  Force  and  Army  personnel  for  initial  theater 
Aerial  Port  of  Debarkation  (APOD)  deployment  and  distribution  operations  within  12 
hours  notice.  (United  States  Transportation  Command,  2009)  To  maintain  superiority  in 
this  capability,  joint  force  personnel  and  equipment  must  maintain  an  alert  status  365 
days  a  year.  USTRANSCOM  defines  the  mission  of  a  JTF-PO  in  its  Concept  of 
Operations  (CONOPs)  below: 
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“Provide  a  joint  expeditionary  eapability  to  rapidly  establish  and  initially 
operate  a  port  of  debarkation  and  distribution  node,  faeilitating  port 
throughput  in  support  of  eombatant  eommander  executed  contingencies.” 

Currently,  USTRANSCOM  develops  and  coordinates  joint  exercises  in  order  to 
provide  training  opportunities  for  JTF-PO  personnel  and  CCDR  operational  staffs.  The 
training  events  also  provide  the  opportunity  to  identify,  test  and  validate  procedures  and 
processes  for  opening  distribution  networks.  (United  States  Transportation  Command, 
2009)  Though  it  is  necessary  to  train  for  experience,  it  is  a  costly  way  to  do  it  solely  to 
identify,  test  and  validate  new  concepts. 

Problem  Statement 

Currently,  no  capability  exists  to  simulate  and  measure  a  Joint  Task  Force-Port 
Opening  operation  in  a  safe,  cost-effective  environment  in  order  to  determine  the  best 
mix  of  resources  needed  in  order  to  maximize  cargo  throughput.  The  benehts  of  a  good 
planning  tool  will  allow  USTRANSCOM  the  ability  to  better  estimate  resources  needed 
and  identify  potential  bottlenecks  through  the  use  of  Arena®  Simulation  software.  The 
logical  progression  of  this  research  evaluates  the  factors  currently  used  in  the  JTF-PO 
process  as  well  as  experimenting  with  the  changes  in  resource  capacities. 

Research  Objective 

The  purpose  of  this  research  is  to  create  a  decision  model  through  discrete-event 
simulation  to  support  JTF-PO  operational  planning  in  order  to  determine  the  best  mix  of 
resources  critical  in  maximizing  cargo  throughput  under  a  Humanitarian 
Assistance/Disaster  Response  (HA/DR)  environment.  Aircraft  and  cargo  data  collected 
from  Operation  UNIFIFD  RFSPONSF  will  be  used  to  input  into  the  model.  In  order  to 
provide  USTRANSCOM  a  preferred  decision  model,  the  following  research  question 
(RQ)  is  addressed; 

RQ:  What  combination  of  JTF-PO  resources  maximize  the  throughput  of  inbound 
cargo  given  the  conditions  of  an  HA/DR  environment? 

In  order  to  answer  the  research  question,  the  following  investigative  questions  (IQs) 
are  addressed. 

IQ  I:  What  is  the  throughput  of  inbound  cargo  under  planned  concept  of  operations 
given  the  conditions  of  an  HA/DR  environment? 

IQ2:  How  does  inbound  cargo  throughput  respond  to  a  change  in  the  working 
maximum  on  ground  (MOG)  resources  given  the  conditions  of  an  HA/DR 
environment? 

IQS;  How  does  inbound  cargo  throughput  respond  to  a  change  in  the  distribution 
MOG  resources  given  the  conditions  of  an  HA/DR  environment? 
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Operation  UNIFIED  RESPONSE 

On  12  January  2010,  a  7.0  magnitude  earthquake  roeked  Port-au-Prince,  Haiti  leaving  the 
city  demolished  and  thousands  of  people  desperate  for  international  aid.  Transportation 
infrastructure  was  demolished  on  all  accounts  to  include  the  main  seaport  and  border 
crossing  routes.  The  Toussaint  L’Ouverture  International  Airport  sustained  damage  to  its 
facility,  but  the  airfield  was  still  usable.  It  was  clear  the  fastest  way  to  get  relief  into  the 
hands  of  Haitian  people  was  to  move  in  by  air.  Initial  Air  Force  capabilities  entered  24 
hours  after  the  earthquake  from  the  1st  Special  Operations  Wing  (SOW)  from  Hurlburt 
Field,  Florida.  The  unit  brought  with  them  the  capability  to  control  air  traffic  arrivals 
into  the  heavily  congested  single  runway  and  single  taxiway  airport.  (JTF-PO/CC,  2010) 


Figure  38;  Toussaint  Fouverture  International  Airport  (Google  Farth) 

On  14  January  2010,  USTRANSCOM  tasked  an  Air  Force  CRG  and  Army  RPOF 
unit  for  the  first  time  to  form  the  JTF-PO  capability.  The  mission  was  to  establish 
command  and  control,  aerial  port  operations,  quick-turn  aircraft  maintenance,  and  a 
distribution  network  in  order  to  maximize  humanitarian  assistance  throughput.  (JTF- 
PO/CC,  2010) 

The  JTF-PO  established  operations  at  the  east  end  of  the  ramp  and  consisted  of 
the  JTF-PO  camp,  cargo  yard,  road,  and  forward  cargo  node.  The  JTF-PO  camp  was  the 
home  of  leadership  facilities  used  to  conduct  command  and  control  of  airfield  and 
distribution  network  operations.  The  cargo  yard  was  the  entrance  of  cargo  into  the 
distribution  network  and  consisted  of  both  Air  Force  and  Army  personnel  tasked  to  sort 
and  determine  which  items  move  to  the  forward  cargo  node.  The  road,  also  known  as  the 
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Main  Supply  Route  (MSR),  was  used  to  transport  eargo  between  the  eargo  yard  and 
forward  eargo  node.  The  forward  eargo  node  was  the  loeation  tasked  to  distribute  the 
eargo  to  its  owners.  (Fisher,  2011) 


Figure  39:  JTF-PO  Operations,  Operation  UNIFIED  RESPONSE  (JTF-PO/CC,  2010) 

Maximum  on  Ground  (MOG)  is  used  to  deseribe  the  maximum  number  of  aireraft 
on  the  ground  and  is  broken  down  into  parking  MOG  and  working  MOG.  Parking  MOG 
refers  to  the  maximum  number  of  aireraft  that  ean  be  parked  at  one  time  on  an  airfield. 
Working  MOG  identifies  the  maximum  number  of  aireraft  that  ean  be  worked  (parked 
and  servieed)  at  one  time.  (JTF-PO/CC,  2010)  The  more  restrietive  of  the  two  measures 
generally  equates  to  the  limiting  faetor  of  MOG.  (Anon.,  13  January  2008) 

The  parking  ramp  in  Haiti  eonsisted  of  ten  C-17  equivalent  parking  spaees  and 
was  managed  by  aireraft  maintenanee.  The  thirteen-man  maintenanee  paekage  planned 
to  work  a  parking  MOG  eapability  of  two  but  was  expeeted  to  work  four  at  one  time. 
The  best  way  to  meet  the  expeetations  was  to  split  eaeh  shift  of  maintainors  in  half, 
allowing  one  team  to  work  half  the  ramp  and  the  other  team  to  work  the  other  half. 
(W allwork,  et  ah,  2010)  Furthermore,  the  aerial  port  teams  utilized  the  same  taeties  and 
split  shifts  in  order  to  download  aireraft  more  effieiently.  The  deeision  for  both 
eapabilities  allowed  faster  tum-around  time  of  aireraft  through  the  airfield.  (Fisher, 
2011) 
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Figure  40;  Parking  Ramp,  Operation  UNIFIED  RESPONSE  (JTF-PO/CC,  2010) 


Though  maximizing  humanitarian  assistance  throughput  was  the  mission  of  the 
JTF-PO,  so  was  returning  operations  back  to  the  GoH.  Prior  to  the  departure  of  the  JTF- 
PO,  the  GoH  resumed  commercial  operations  on  19  February  with  the  first  American 
Airlines  flight  arriving  on  19  February  2010.  (Air  Forces  Southern,  Public  Affairs,  2010) 
In  37  days,  the  JTF-PO  was  able  to  amass  working  3,006  relief  missions,  download  over 
30.9  million  pounds  of  cargo  and  evacuate  15,495  American  Citizens  (AMCITs).  (JTF- 
PO/CC,  2010) 

Table  21 :  Mission  Data  for  Operation  UNIFIED  RESPONSE 
14  Jan  -  19  Feb  2010  (JTF-PO/CC,  2010) 


MISSION  DATA 

Operation  UNIFIED  RESPONSE 

C-17  Missions/Sorties 

253/506 

C-130  Missions/Sorties 

283/566 

US  Commercial  Missions/Sorties 

1339/2678 

International  Missions/Sorties 

1131/2262 

TOTAL  Missions/Sorties 

3006/6012 

Air  Evacuation  Missions: 

301  Litter,  10 
Ambulatory 

Off-Load  Passengers: 

9,509 

Off-Load  Cargo: 

15,450  ST 

On-Load  Passengers: 

15,495 

On-Load  Cargo: 

253  ST 
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Design/Method/ Approach 


Simulation 

Simulation  is  the  process  of  designing  and  creating  a  computerized  model  of  a 
real  or  proposed  system  for  the  purpose  of  conducting  numerical  experiments  to  give  a 
better  understanding  of  the  behavior  of  that  system  for  a  given  set  of  conditions.  (Kelton, 
et  ah,  2007)  The  type  of  modeling  approach  used  for  this  research  is  a  logical-computer 
simulation.  The  logical-computer  simulation  has  the  ability  to  address  questions  about 
the  model’s  behavior  under  faster,  safer,  and  cost-efficient  conditions  by  simply 
manipulating  the  program’s  inputs  and  logic.  (Kelton,  et  ah,  2007)  Furthermore,  Kelton 
and  others  (2007)  explain  that  computer  simulation  allows  the  researcher  to  duplicate  and 
study  complex  systems  that  may  not  have  exact  mathematical  solutions  worked  out. 
Complex  systems  frequently  simulated  are  airport  flight  arrivals  and  distribution 
networks. 

Discrete-Event  Simulation 

Discrete-event  simulation  is  the  modeling  of  systems  in  which  the  state  variable 
changes  only  at  a  discrete  set  of  points  in  time.  (Banks,  et  ah,  2010)  Due  to  the  nature  of 
this  research,  the  approach  of  discrete-event  simulation  is  employed  through  the  aid  of 
computers  in  order  to  “run”  rather  than  “solve”  numerical  models.  The  choice  of 
software  for  modeling  is  the  Rockwell  Corporation’s  Arena®  simulation  software  due  to 
the  ability  to  capture  the  dynamic  nature  of  the  JTF-PO  mission.  The  software  generates 
an  artificial  history  of  the  system  built  from  model  assumptions  and  observations  of  each 
“run”  result  is  collected  to  be  analyzed  and  to  estimate  system  performance  measures. 
(Banks,  et  ah,  2010)  Though  simulation  can  solve  simple  mathematical  problems,  the 
best  use  of  its  capability  is  performed  on  complex  systems.  The  JTF-PO  and  related 
distribution  systems  is  a  perfect  match  for  utilizing  simulation  because  of  the  complex 
nature  of  entity  arrivals,  service  times,  and  network  flow. 

Model  Development 

Banks  and  others  (2010)  identify  a  12-step  process  in  Figure  4  for  developing  a 
simulation  model  which  applies  to  any  model  building  effort;  it  provides  the  structure  for 
this  research.  In  Stieglemeiere’s  research  (2006),  he  breaks-down  the  description  of  the 
process  into  two  halves.  The  first  half,  (Steps  1-7),  represent  the  effort  undertaken  to 
build,  validate,  and  verify  the  model.  The  second  half,  (Steps  8-12),  represent  the  actual 
use  of  a  model  to  analyze  a  system  and  make  decisions  about  it.  The  12-step  process  is 
approach  of  choice  to  develop  the  simulation  model. 
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Figure  41:  Steps  in  a  Simulation  Study  (Banks,  et  al.,  2010) 
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The  12-Step  Modeling  Process 

Step  1:  Problem  Formulation 

The  first  step  to  solving  any  problem  in  a  study  is  to  formulate  a  statement  of  the 
problem.  (Banks,  et  ah,  2010)  USTRANSCOM  clearly  defined  the  problem  that  there  is 
currently  no  capability  to  model  a  JTF-PO  operation  in  a  safe,  cost-effective  environment 
in  order  to  predict  throughput  of  cargo  based  on  the  availability  of  resources. 

Step  2:  Setting  of  Objectives  and  Overall  Plan 

The  objectives  indicate  the  questions  to  be  answered  by  simulation.  (Banks,  et 
ah,  2010)  The  purpose  of  this  research  is  to  create  a  decision  model  through  discrete- 
event  simulation  to  support  JTF-PO  operational  planning  in  order  to  predict  throughput  of 
cargo  under  a  HA/DR  scenario. 

Step  3:  Model  Conceptualization 

This  step  is  one  of  the  lengthiest  in  the  modeling  process  in  that  model 
construction  is  more  an  art  than  a  science.  The  art  of  modeling  is  enhanced  by  an  ability 
to  abstract  the  essential  features  of  a  problem,  to  select  and  modify  basic  assumptions  that 
characterize  the  system,  and  then  to  enrich  and  elaborate  the  model  until  a  useful 
approximation  results.  (Banks,  et  ah,  2010)  Simulation  modeling  is  an  iterative  process 
that  requires  a  modeler  to  start  with  a  simple  model  and  develops  it  to  mirror  the  real- 
world  workings  of  the  system.  The  model  for  this  research  was  logically  built  from  the 
experience  of  subject  matter  experts,  and  was  constrained  by  the  available  data. 
Furthermore,  involvement  of  subject  matter  experts  contributed  to  enhance  the  quality  of 
the  resulting  model  and  increase  the  confidence  of  its  application.  Figure  5  identifies  the 
conceptual  model  in  its  simplest  form. 
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JTF-PO  Conceptual  Model 


Figure  42:  JTF-PO  Conceptual  Model 


Step  4:  Data  Collection 

Historical  data  collection  is  performed  during  this  step  and  is  utilized  in 
conjunction  with  the  conceptual  model  building.  Normally,  the  objectives  of  this  study 
dictate  the  kind  of  data  to  be  collected;  this  research  utilized  a  reverse  approach.  Data 
was  collected  prior  to  model  conceptualization.  This  provided  limitations  in  the  model 
building.  The  data  was  collected  from  two  separate  subject  matter  expert  (SMF)  sources 
Command  and  Control  (C2)  leadership  and  Air  Terminal  Operations  Center  (ATOC) 
personnel  from  Operation  UNIFIFD  RESPONSE  and  are  categorized  below  with  varying 
levels  of  fidelity. 


Table  22:  Fidelity  Levels  for  Aircraft  and  Cargo  Data 


Type  Data 

Collected  Data 

Final  Data 
Used 

Level  of  Data 
Fidelity 

Aircraft  Arrival 
Times 

3,006  Reported  Arrivals 

2,561  Arrived 

85% 

Aircraft  Service 
Times 

2,33 1  Type  AC  Arrivals  with  n 
>  12 

2,300  Serviced 

99% 

Aircraft  Cargo 

882  Cargo  Aircraft  Capable 

516  Cargo 

59% 
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In  order  to  show  validation  in  the  data  colleeted  from  the  C2  personnel,  daily 
aggregated  aireraft  arrivals  were  obtained  from  the  Federal  Aviation  Administration’s 
Enhaneed  Traffie  Management  System  Counts  (FAA  ETMSC)  and  were  eompared  with 
the  CRG  totals.  Both  of  the  eolleeted  totals  follow  the  same  negative  trend,  as  can  be 
seen  by  Figure  6,  with  a  residual  difference  mean  of  28  arrivals  and  standard  deviation  of 
12  arrivals.  The  reason  for  the  difference  in  arrivals  is  due  to  the  CRGs  ability  to  collect 
unscheduled  aircraft  arrivals  from  day  one.  Though  the  FAA  set  up  a  slot-management 
system  to  schedule  all  arrivals  a  few  days  after  the  earthquake,  unscheduled  aircraft  were 
still  arriving  to  the  location.  Therefore  on-scene  data  collection  represents  the  most 
accurate  arrival  data.  (Jones,  2011) 


Figure  43;  Daily  Aircraft  Arrivals  into  Haiti 


There  were  two  significant  challenges  faced  for  collecting  and  reporting  cargo 
statistics.  These  were  due  to  the  fact  that  82%  of  aircraft  arrived  via  US  commercial  or 
international  carriers.  First,  the  majority  of  aircraft  arrivals  were  not  tracked  with  radio 
frequency  identification  (RFID)  tags  because  there  is  no  integrated  RFID  network  that  is 
shared  between  the  international  communities.  This  challenge  forced  personnel  to 
manually  track  cargo  from  arrival  into  the  airport  through  departure  to  the  customer. 
(Fisher,  2011)  Second,  the  cargo,  loaded  onto  the  82%  majority  of  arrivals,  did  not 
exhibit  the  characteristics  of  the  traditional  United  States  military  463F  pallet 
configuration  (88”  x  108”).  This  presented  the  problem  of  determining  the  unit  of 
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measure  to  use  when  eounting  the  download  and  distribution  of  cargo.  For  cargo  that 
arrived  in  warehouse  skid  configuration,  a  simple  mathematical  conversion  was  used  to 
transform  four  skids  into  one  463L  pallet  equivalent.  (JTF-PO/CC,  2010)  Larger 
commercial  pallets  (88”  x  125”)  were  considered  the  same  pallet  type  as  the  463L  and  no 
conversion  was  utilized.  (Kuppinger,  2011) 


Mission  Data 

Operation  UNIFIED  RESPONSE 


..r 


US  Commercial, 
45% 


Figure  44:  Airlift  Carriers 


Step  5:  Model  Translation 

This  step  translates  the  conceptual  model  into  either  simulation  language  or 
special-purpose  simulation  software.  Utilizing  the  Arena®  software  greatly  reduces  the 
time  to  develop  the  model  and  is  flexible  enough  to  handle  dynamic  defense  logistic 
networks.  The  final  simulation  consists  of  two  parts,  an  outer  model  and  cargo 
distribution  submodel  which  can  be  seen  in  Figure  8  and  Figure  9. 
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Figure  45;  Outer  Model 


Cargo  Distribution  Submodel 

Clearance  Yard 


Figure  46:  Cargo  Distribution  Submodel 


Step  6:  Verification 

“Model  verifieation  is  substantiating  that  the  model  is  transformed  from  one  form 
into  another,  as  intended,  with  suffieient  aceuracy.”  (Balci,  1997)  In  essenee, 
verifieation  is  building  the  model  correctly.  Domain  and  simulation  SMEs  are  used  in 
this  researeh  to  verify  the  eorreetness  of  the  model  building.  (Defense  Modeling  and 
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Simulation  Office,  2000)  The  domain  SME  has  knowledge  of  the  studied  network  flow 
and  is  needed  to  ereate  a  deseription  of  the  eoneeptual  model.  JTE-PO  SMEs  are  used  to 
verify  the  aeeuraey  of  the  JTE-PO  model  eoneept.  The  simulation  SME  has  knowledge 
of  the  required  simulation  software  to  enable  the  developer  to  employ  appropriate  tools 
and  teehniques  to  aeeurately  develop  the  eoneeptual  model  into  a  eomputer  simulation 
model.  The  support  staff  for  Center  for  Operational  Analysis  Eab  in  the  Department  of 
Operational  Seiences  at  the  Air  Eoree  Institute  of  Teehnology  is  used  to  verify  the 
aeeuraey  of  the  transformation  of  the  model  from  eoneept  to  eomputer  simulation. 

In  a  study  eondueted  by  Stieglemeier  (2006)  a  dynamic  verification  technique  was 
used  to  test  the  deeision  nodes  in  a  simulation  model.  The  Defense  Modeling  and 
Simulation  Office  defined  dynamic  verification  as  a  test  carried  out  by  running  a  model 
then  observing  its  behavior.  The  same  dynamie  verifieation  approaeh  is  utilized  to  assess 
the  logical  flow  of  entities  designed  to  enter  deeision  nodes  that  separate,  duplieate,  or 
deeide  a  certain  path.  This  study  is  eoneemed  with  the  throughput  of  entities,  thus  record 
modules  were  plaeed  immediately  after  eaeh  deeision  node  to  test  the  expeeted  outeome 
against  the  aetual  outeome.  Banks  and  others  (2010),  support  this  eoneept  by  identifying 
that  total  eount  statisties  ean  give  an  indieation  of  the  reasonableness  of  the  model  Total 
eount  refers  to  the  total  number  of  items  that  have  entered  eaeh  eomponent. 

Step  7:  Validation 

“Model  validation  is  substantiating  that  the  model,  within  its  domain  of 
applieability,  behaves  with  satisfaetory  aeeuraey  eonsistent  with  the  modeling  and 
simulation  objectives.”  (Balci,  1997)  In  essenee,  validation  is  building  the  correct 
model.  Banks  and  others  (2010)  diseussed  a  three-step  approaeh  for  validating  a  model 
from  Naylor  and  Einger  (1967).  This  researeh  utilized  the  approaeh  for  validating  the 
simulation. 


Step  1 .  Build  a  model  that  has  high  faee  validity: 

Eaee  validity  refers  to  a  model  that  appears  reasonable  on  its  faee  to  model  users 
and  others  who  are  knowledgeable  about  the  real  system  being  simulated.  (Banks,  et  ah, 
2010)  Through  the  use  of  SMEs  and  the  model  user,  output  measures  are  evaluated  to 
identify  model  defieiencies.  Eurthermore,  by  involving  the  user,  the  perception  of 
eredibility  and  validity  is  inereased  whieh  allows  them  to  trust  the  use  of  the  simulation 
for  future  deeision  making. 

Step  2.  Validate  model  assumptions: 

Model  assumptions  fall  into  two  eategories,  structural  assumptions  and  data 
assumptions  and  were  verified  by  SMEs  from  Operation  UNIFIED  RESPONSE. 
Struetural  assumptions  involve  questions  of  how  the  system  operates  under 
simplifieations  from  reality.  (Banks,  et  ah,  2010)  Data  assumptions  should  be  based  on 
the  collection  of  reliable  data  and  eorreet  statistieal  analysis  of  the  data.  (Banks,  et  ah, 
2010)  Proeedures  for  analyzing  input  data  were  eompleted  through  the  use  of  Arena’s 
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Input  Analyzer®  software.  Identifying  the  appropriate  stochastic  distribution,  parameters 
and  goodness-of-fit  tests  (through  the  use  of  Kolmogorov-Smimoff  (KS)  and  Chi  Square 
(ChiSq)  tests)  were  the  results  of  the  software.  The  best  distributions  were  selected  based 
on  the  p-values  >  .05  and  or  the  visual  histogram  fit. 

Step  3.  Compare  input/output  transformations  with  historical  data: 

The  third  and  final  step  in  the  validation  will  result  in  comparing  the  output  data 
from  the  simulation  with  the  collected  data  sets.  The  model  validation  consists  of 
simulating  Operation  UNIFIED  RESPONSE  in  order  to  measure  its  offload  of  cargo  and 
throughput  of  aircraft  in  the  system.  Using  the  validated  stochastic  distributions 
identified  in  step  2,  the  resources  identified  in  Table  3,  the  operation  was  simulated  under 
30  replications  for  32  days.  The  simulation  results  are  compared  to  the  results  of  reality 
to  determine  if  the  model  is  a  valid  representation  of  the  real  world. 

Table  23:  Haiti  Resource  Quantities 


Resource 

Qty 

Runway 

1 

Taxiway 

1 

Follow  Me  Truck 

1 

MX  Team 

2 

Parking  Spot 

10 

Parking  Spot  Grass 

4 

Aerial  Port  Team 

2-5* 

Clearance  Yard  Space 

276 

Clearance  Section  Team 

2 

HEMTT  LHS 

4 

LHS  Flatracks 

24 

MSR 

Infinite 

Forward  Node  Space 

450 

Distribution  Section  Team 

2 

*Note:  Aerial_Port_Team  capacity 
started  at  2  then  increased  to  5  on  2 1 
January  2010  per  AAR. 


The  results  of  the  model  validation  are  identified  in  Table  4.  The  real  world 
column  identifies  the  number  of  aircraft  arrivals  and  cargo  offload  collected  for  32  days 
(17  Jan  -  17  Feb  2010).  The  simulation  column  identifies  aircraft  arrivals  and  cargo 
offload  from  30  replications  of  32  days.  A  difference  of  18  arrivals  indicates  the 
simulation  is  collecting  1%  above  the  documented  aircraft  arrivals  in  the  operation.  A 
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difference  of  58  pallets  indicates  the  simulation  is  capturing  3%  above  the  reported  cargo 
offloaded. 


Table  24:  JTF-PO  Simulation  Validation  Results 


Real 

World 

Simulation 

Difference 

Percentage 

Difference 

Aircraft  Throughput 

*2,561 

2,579 

+18 

+1% 

Pallet  Offload 

*2,014 

2,072 

+58 

+3% 

*  Collected  from  Operation  ETNIFIE 

D  RESPONSE  data  set. 

A  95%  confidence  interval  was  calculated  around  the  simulation  output  to 
determine  if  the  real  world  totals  were  captured  within  the  lower  and  upper  bounds  of  the 
its  limits  (Table  5,  Figure  10  and  Figure  11).  The  results  indicate  that  the  Real  World 
Aircraft  Throughput  and  Pallet  Offload  do  fall  within  the  limits  of  the  simulated  results. 
This  indicates  that  the  model  makes  valid  representation  of  the  real  world  data  provided 
by  the  SMEs.  The  next  step  will  be  to  conduct  further  experimental  testing  to  determine 
the  best-case  scenario  for  future  JTF-PO  missions  by  adjusting  the  Working  and 
Distribution  MOG  resources. 

Table  25:  Haiti  Simulation  95%  Confidence  Interval  Statistics 


Average 

Std  Dev 

Lower 

Confidence 

Limit 

Upper 

Confidence 

Limit 

Min 

Max 

Aircraft  Throughput 

2,579 

74 

2,552 

2,609 

2,440 

2,710 

Pallet  Offload 

2,072 

180 

2,005 

2,139 

1,740 

2,450 
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Observation  Intervals 

I'i  Confidence  Interval  JTF-PC  Simjlation  Validation 
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Figure  47:  Haiti  Simulation  Pallets  Offloaded  Confidence  Interval 
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Figure  48:  Haiti  Simulation  Aircraft  Throughput  Confidence  Interval 


Step  8:  Experimental  Design 

In  this  step,  alternatives  to  the  model  that  are  to  be  simulated  must  be  determined 
for  experimentation.  (Banks,  et  ah,  2010)  This  study  uses  Design  of  Experiments  (DOE) 
to  plan  the  statistical  experimentation  in  an  efficient  scientific  approach.  DOE  refers  to 
the  process  of  planning  the  experiment  so  that  appropriate  data  will  be  collected  and 
analyzed  by  statistical  methods,  resulting  in  valid  and  objective  conclusions. 

Factorial  designs  are  widely  used  to  experiment  the  response  of  several  factors  in 
a  study.  (Montgomery,  2009)  The  aim  of  this  study  is  to  report  four  responses  based  on 
the  four  treatments  of  two  factors.  This  results  in  a  2Tactorial  design.  The  objective  of 
the  experiment  is  to  determine  how  adjustments  to  either  of  the  two  factors  would  affect 
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the  response.  (Montgomery,  2009)  In  order  to  obtain  enough  point  estimate  values  to 
support  the  eentral  limit  theorem  (n  >  30),  30  simulated  replieations  are  eompleted. 

In  order  to  reduee  varianee  in  the  point  estimators.  Common  Random  Number 
(CRN)  streams  are  used  for  eaeh  statistieal  distribution.  CRN  means  that,  for  eaeh 
replieation,  the  same  stream  of  random  numbers  is  used  to  simulate  eaeh  system.  The 
purpose  of  using  CRN  is  to  introduee  a  positive  eorrelation  between  the  point  estimates 
of  each  replication.  This  achieves  a  variance  reduction  in  the  mean  difference  between 
the  point  estimators.  (Banks,  et  ah,  2010)  More  detail  in  the  experimental  design  is 
discussed  in  the  next  section. 

Step  9:  Production  Runs  and  Analysis 

This  step  is  the  execution  of  the  simulation  model  and  analysis  of  its  output. 
(Banks,  et  ah,  2010)  More  detail  in  the  analysis  and  design  is  discussed  in  the  next 
section. 


Step  10:  More  Runs? 

Given  the  analysis  of  runs  completed  for  this  research,  more  runs  will  be 
determined  by  the  user  of  the  model.  The  user  will  determine  additional  developments  of 
experimental  designs  and  execute  them  as  appropriate. 

Step  11:  Documentation  and  Reporting 

This  research  serves  as  the  documentation  and  reporting  of  the  development  of 
this  simulation  model. 

Step  12:  Implementation 

The  objective  of  this  simulation  model  is  for  it  to  be  used  for  future  decision 
making  in  JTF-PO  operations  conducting  HA/DR  missions.  Upon  completion  of  this 
research,  the  model  was  delivered  to  the  user  for  implementation. 

Assumptions/Limitations 

The  model  created  for  this  research  is  built  upon  assumptions  derived  from 
Department  of  Defense  Regulations,  JTF-PO  subject  matter  experts  (SMEs)  and  the  data 
collected  from  the  Operation  UNIFIED  RESPONSE  after  action  report  (AAR)  in  Port- 
au-Prince,  Haiti  16  January  -  17  February  2010. 

Assumptions 

1.  Operation  UNIFIED  RESPONSE  aircraft  arrivals  rates  and  times  are 
representative  of  future  scenarios. 

2.  90%  of  all  cargo  is  palletized  at  10,000  pounds  each. 

3.  All  palletized  cargo  is  loaded  on  the  standard  military  463 E  pallet. 
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4.  Missing  aircraft  cargo  data  is  treated  as  an  empty  aireraft. 

5.  No  known  delays  in  aireraft  ground  handling,  or  eargo  distribution  were 
annotated  and  are  assumed  out  of  the  model. 

6.  Serviee  times  for  aireraft  are  ealeulated  as  the  differenee  between  the  arrival 
and  departure  of  all  aireraft. 

7.  Individual  actions  within  the  timeframe  of  aircraft  servicing  were  not  eaptured 
and  therefore  assumed  to  be  factored  into  the  serviee  times.  They  are  as 
follows,  aerial  port  teams’  transportation  to  aireraft,  amount  of  time  to 
download  eargo,  transport  of  eargo  from  aireraft  to  elearanee  yard,  and  any 
required  upload  of  passengers  or  cargo. 

8.  All  cargo  is  destined  to  the  final  staging  point  at  the  Forward  Node. 

9.  Transport  time  of  taxiing  aireraft  is  held  at  a  eonstant  five  minutes. 

10.  The  main  supply  route  is  10  kilometers  long. 

1 1 .  Truck  speed  on  the  main  supply  route  is  15  kilometers  per  hour. 

12.  Transport  time  on  the  main  supply  route  is  40  minutes  one  way  between 
elearanee  yard  and  forward  node. 

13.  Trueks  are  available  at  all  times  to  receive  eargo  at  the  distribution  point. 

14.  Trueks  used  by  the  eustomers  have  the  same  eharacteristics  as  the  Heavy 
Expanded  Mobility  Taetieal  Truek  (HEMTT). 

15.  Customer  trueks  take  a  standard  20-30  minutes  to  load. 

Limitations 

1.  The  model  only  eaptures  the  offload  and  distribution  of  eargo  and  does  not 
eapture  any  upload  operations. 

2.  The  model  remains  within  the  bounds  of  the  JTF-PO  operation  from  aireraft 
arrival  to  distribution  of  eargo. 

3.  The  model  does  not  eonsider  eargo  issued  from  the  elearanee  yard. 

4.  The  model  does  not  eonsider  passenger  proeessing  operations. 


Analysis/Results 


Analysis  of  Experimental  Design 

The  experimental  design  serves  the  purpose  to  provides  the  user  insight  into  the 
best  mix  of  resourees  that  will  maximize  the  point  estimators  of  eargo  throughput  in  a 
HA/DR  environment.  Figure  12  identifies  the  2-factorial  design  to  use  in  this  researeh. 
The  design  eonsists  of  factors,  levels,  responses,  and  seenarios.  The  faetors  are 
eategorized  into  two  areas.  Working  MOG  and  Distribution  MOG.  The  Working  MOG 
eonsists  of  the  Aerial  Port  Team  resources  and  the  Distribution  MOG  eonsists  of  the 
Distribution  Section  Team  resources.  The  levels  represent  the  four  eombinations  of 
resources  that  eaeh  factor  will  utilize  in  the  scenarios.  The  responses  represent  the 
average  eargo  throughput  to  expeet  for  each  experiment.  The  seenarios  are  categorized 
into  four  experiments,  CONOPS,  DOEl,  DOE2  and  DOE3.  The  CONOPS  seenario 
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represents  the  baseline  number  of  resources  used  for  planning  according  to  the  JTF-PO 
CONOPs.  The  subsequent  scenario,  DOEl  -  DOES,  represent  the  combination  of 
resources  each  factor  will  utilize. 

In  order  to  check  the  robustness  of  the  simulation  model,  a  form  of  sensitivity 
analysis  is  performed  to  test  the  relationship  between  factors  and  responses.  Sensitivity 
analysis  is  the  investigation  of  potential  changes  and  errors  in  parameter  values  and 
assumptions  and  there  impacts  on  conclusions  to  be  drawn  from  the  model.  (Pannell, 
1996)  Eor  experimental  purposes,  the  Operation  UNIEIED  RESPONSE  time  between 
aircraft  arrival  distribution  is  cut  in  half  in  order  to  double  the  aircraft  arrival  rate  into  the 
system.  This  procedure  allows  the  model  to  run  at  a  higher  capacity  and  test  the 
robustness  of  an  optimal  cargo  throughput  solution.  Eurthermore,  this  supports  the 
decision  maker’s  ability  to  make  correct  decisions  about  how  to  increase  cargo 
throughput. 

To  address  the  investigative  questions,  the  four  experiments  were  modeled  in 
order  to  obtain  valid  conclusions.  The  CONOPS  model  is  the  response  to  investigative 
question  IQl,  DOEl  and  DOES  models  are  the  response  to  investigative  question  IQ2, 
and  DOE2  and  DOES  models  are  the  response  to  investigative  question  IQS. 

Design  of  Experiments  Cargo  Throughput 


CONOPs  DOE1  DOE2  DOES 


Working  MOG 


Distribution  MOG 


Eigure  49;  Design  of  Experiments  Cargo  Throughput 


CONOPS  Experiment: 

The  CONOPS  experiment  was  designed  as  a  baseline  model,  defined  by  the 
Concept  of  Operations  for  the  JTE-PO,  to  measure  against  all  other  experimental  designs. 

no 
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A  working  MOG  of  two  aircraft  and  Distribution  MOG  of  two  trucks  are  the  two  faetors 
of  interest  in  the  model  and  are  represented  as  AerialPortTeam  and 
Distribution  Seetion  Team  resourees,  respeetively.  After  adjusting  the  values  of  the 
resourees  and  running  the  model  for  30  replieations,  the  results  of  the  experiment  indieate 
2,935  pallet  throughputs.  Additional  statisties  indieate  a  99%  utilization  rate  on  the 
Aerial  Port  Team  and  80%  utilization  rate  on  the  Distribution  Seetion  Team. 

DOEl  Experiment: 

The  DOEl  experiment  was  designed  as  the  first  model  to  determine  ehanges  in 
throughput  by  adjusting  the  working  MOG  to  four  and  holding  the  Distribution  MOG 
eonstant  at  the  baseline  two.  After  adjusting  the  values  of  the  resourees  and  running  the 
model  for  30  replieations,  the  results  of  the  experiment  indieate  an  inerease  of  64  pallets 
for  a  throughput  of  2,999  pallets.  Additional  statisties  indieate  a  47%  reduetion  in 
utilization  rate  to  52%  on  the  Aerial  Port  Team  and  a  steady  utilization  rate  of  81%  on 
the  Distribution  Seetion  Team. 

DOE2  Experiment: 

The  DOE2  experiment  was  designed  as  the  seeond  model  to  determine  ehanges  in 
throughput  by  adjusting  the  Distribution  MOG  to  four  and  holding  the  Working  MOG 
eonstant  at  the  baseline  two.  After  adjusting  the  values  of  the  resourees  and  running  the 
model  for  30  replieations,  the  results  of  the  experiment  indieate  an  inerease  of  87  pallets 
for  a  throughput  of  3,022  pallets.  Additional  statisties  indieate  a  steady  utilization  rate  of 
99%  on  the  Aerial  Port  Team  and  a  49%  reduetion  in  utilization  rate  to  41%  on  the 
DistributionSeetionTeam. 

DOE3  Experiment: 

The  DOE3  experiment  was  designed  as  the  third  model  to  determine  ehanges  in 
throughput  by  adjusting  the  Distribution  MOG  and  the  Working  MOG  to  four.  After 
adjusting  the  values  of  the  resourees  and  running  the  model  for  30  replieations,  the  results 
of  the  experiment  indieate  an  inerease  of  264  pallets  for  a  throughput  of  3,199  pallets. 
Additional  statisties  indieate  a  47%  reduetion  in  utilization  rate  to  53%  on  the 
Aerial_Port_Team  and  a  46%  reduetion  in  utilization  rate  to  43%  on  the 
Distribution  Seetion  Team. 
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Pallet  Throughput 


Figure  50;  Pallet  Issue  Per  Scenario 
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Figure  5 1 :  Resource  Fltilization  Rate  Per  Scenario 
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Results  of  the  Investigative  Questions 

IQl:  What  is  the  throughput  of  inbound  cargo  under  planned  concept  of  operations 
(CONOPs)  given  the  conditions  of  an  HA/DR  environment? 

Throughput  of  cargo  under  planned  CONOPs  given  the  conditions  of  an 
HA/DR  environment  resulted  in  2,935  pallets. 

IQ2:  How  does  inbound  cargo  throughput  respond  to  a  change  in  the  working 
maximum  on  ground  (MOG)  resources  given  the  conditions  of  an  HA/DR 
environment? 

Throughput  of  inbound  cargo  under  an  increase  in  the  working  MOG 
resources  given  the  conditions  of  an  HA/DR  environment  resulted  in  2,999 
pallets  if  Working  MOG  is  the  sole  increase  in  resources. 

IQS;  How  does  inbound  cargo  throughput  respond  to  a  change  in  the  distribution 
MOG  resources  given  the  conditions  of  an  HA/DR  environment? 

Throughput  of  inbound  cargo  under  an  increase  in  the  distribution  yard 
capability  given  the  conditions  of  an  HA/DR  environment  resulted  in  3,022 
pallets  if  Distribution  MOG  is  the  sole  increase  in  resources. 

Answer  to  the  Research  Question 

The  purpose  of  this  research  was  to  create  a  decision  model  through  discrete- 
event  simulation  to  support  JTF-PO  operational  planning  in  order  to  predict  throughput  of 
cargo  under  HA/DR  scenario  using  aircraft  and  cargo  data  collected  from  Operation 
UNIFIED  RESPONSE.  The  result  of  the  research  question  is  highlighted  by  Figure  15. 
The  increase  of  the  Working  MOG  increases  pallet  throughput  by  2%.  The  increase  of 
Distribution  MOG  increases  pallet  throughput  by  3%.  The  increase  of  both  MOG 
resources  increases  pallet  throughput  by  8%.  This  suggests  that  an  increase  in 
Distribution  MOG  should  be  considered  before  an  increase  in  Working  MOG  because  it 
results  in  a  1%  larger  increase.  But  in  order  to  maximize  cargo  throughput,  an  increase  of 
both  resources  should  be  considered  because  they  result  in  the  largest  percentage  increase 
over  all  others. 
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Design  of  Experiments  Cargo  Throughput 


Working  MOG 


Distribution  MOG 


Figure  52;  Design  of  Experiments  Cargo  Throughput  Results 
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Research  Conclusion 

The  results  of  the  experimentation  suggests  that,  under  the  research  assumptions, 
an  increase  in  both  Working  and  Distribution  MOG  resources  will  result  in  the  largest 
percentage  increase  in  pallet  throughput.  If  given  the  opportunity  to  increase  resources  in 
a  JTF-PO  operation  in  order  to  increase  pallet  throughput.  Distribution  MOG  resources 
have  small  1%  advantage  over  Working  MOG  resources,  but  the  largest  impact  should  be 
to  increase  both  resources. 

Furthermore,  this  research  indicates  that  utilization  rates  are  extremely  high  for 
the  Working  MOG  and  Distribution  MOG  resources  under  the  CONOPS  scenario.  By 
doubling  the  capacity  of  the  Working  MOG,  the  utilization  rates  are  cut  by  47%  and 
doubling  the  capacity  of  the  Distribution  MOG,  the  utilization  rates  are  reduced  by  39%. 
If  given  the  opportunity  to  increase  resources  in  a  JTF-PO  operation  in  order  to  reduce 
utilization  rates.  Working  MOG  resources  have  an  advantage  over  Distribution  MOG 
resources  and  should  be  considered  first.  Flowever,  taken  together  with  pallet 
throughput,  an  increase  in  both  resources  results  in  increased  pallet  throughput  and 
decreased  resource  utilization  rates.  The  result  of  less  utilization  in  the  resources  would 
free  them  up  and  allow  JTF-PO  leadership  the  ability  to  employ  them  in  areas  that  may 
require  additional  assistance.  Increasing  both  Working  and  Distribution  MOG  resources 
should  be  the  focus  of  decision  makers  when  it  comes  to  maximizing  cargo  throughput 
and  reducing  resource  utilization. 


114 


AFIT/LSCM/ENS/12-04 


Journal  Article  Bibliography 

Air  Forces  Southern,  Publie  Affairs,  2010.  Haiti  airport  transitions,  commercial  flights 
begin.  [Online] 

Available  at:  http://www.l2af.aee.afmil/news/storv.asp?id=123191319 
[Aeeessed  13  November  2011]. 

Anon.,  13  January  2008.  0-405,  Deployment  Planning  and  Execution,  s.L:  s.n. 

Balei,  O.,  1997.  Verification,  Validation  and  Accreditation  of  Simulation  Models. 
Blaeksburg,  Virginia,  INFORMS,  pp.  135-141. 

Banks,  J.,  Carson  11,  J.  S.,  Nelson,  B.  F.  &  Nieol,  D.  M.,  2010.  Discrete  Event  Simulation 
Fifth  Edition.  Upper  Saddle  River:  Prentiee  Hall. 

Defense  Modeling  and  Simulation  Offiee,  2000.  Subject  Matter  Experts  and  VV&A. 
[Online] 

Available  at:  http://vva.mseo.mil/ 

[Aeeessed  2  January  2012]. 

Fisher,  R.  S.,  2011.  Director  of  Logistics  Air,  JTF-PO,  Operation  UNIFIED  RESPONSE 
[Interview]  (13  November  2011). 

Jones,  M.  F.,  2011.  Deputy  Commander/J3,  Operation  UNIFIED  RESPONSE  [Interview] 
(2  August  2011). 

JTF-PO/CC,  2010.  After  Action  Report,  USTRANSCOM  Joint  Task  Force-Port  Opening 
APOD,  Operation  UNIFIED  RESPONSE,  s.L:  s.n. 

Jumper,  J.  P.,  1999.  Rapidly  Deploying  Aerospaee  Power  Fessons  from  Allied  Foree. 
Aerospace  Power  Journal,  p.  7. 

Kelton,  D.  W.,  Sadowski,  R.  P.  &  Sturroek,  D.  T.,  2007.  Simulation  with  Arena  Fourth 
Edition.  New  York:  MeGraw-Hill. 

Kuppinger,  A.,  201 1.  Commander,  690th  Rapid  Port  Opening  Element,  J3 /Surface, 
Operation  UNIFIED  RESPONSE  [Interview]  (30  August  2011). 

Montgomery,  D.  C.,  2009.  Design  and  Analysis  of  Experiments  (7th  Edition).  Hoboken, 
NJ:  John  Wiley  and  Sons  Ine.. 

Pannell,  D.  J.,  1996.  Sensitivity  analysis  of  normative  eeonomie  models:  theoretieal 
framework  and  praetieal  strategies.  Agricultural  Economics,  pp.  139-152. 

Stieglemeiere,  A.  T.,  2006.  A  Discrete-Event  Simulation  Model  For  Evaluating  Air  Force 
Reusable  Military  Launch  Vehicle  Prelaunch  Operations,  Wright  Patterson  Air  Foree 
Base:  Air  Foree  Institute  of  Teehnology. 


115 


AFIT/LSCM/ENS/12-04 


United  States  Transportation  Command,  2009.  Joint  Task  Force-Port  Opening  Concept 
of  Operations,  Seott  Air  Foree  Base:  Strategy,  Poliey,  Programs  and  Logisties 
Direetorate. 

Wallwork,  E.  D.,  Gunn,  K.  S.,  Morgan,  M.  E.  &  Wileoxson,  K.  A.,  2010.  Operation 
UNIFIED  RESPONSE,  Air  Mobility  Command's  Response  to  the  2010  Haiti  Earthquake 
Crisis,  Seott  Air  Foree  Base,  Illinois:  Office  of  History. 

Zahn,  J.  A.,  2007.  Airbase  Opening:  A  Joint  Perspective,  Maxwell  Air  Force  Base:  Air 
War  College  Air  University. 


116 


AFIT/LSCM/ENS/12-04 


Bibliography 

(13  January  2008).  AFIlO-403,  Deployment  Planning  and  Execution. 

Air  Forces  Southern,  Public  Affairs.  (2010,  February  19).  Haiti  airport  transitions, 
commercial  flights  begin.  Retrieved  November  13,  2011,  from  12th  Air  Foree: 
http://www.l2afaoo.afmil/news/story.asp?id=123191319 

Balei,  O.  (1997).  Verification,  Validation  and  Accreditation  of  Simulation  Models. 
Proceedings  of  the  1997  Winter  Simulation  Conference,  ed.  S.  Andradottir,  K.J. 
Healy,  D.H.  Withers,  and  B.L.  Nelson  (pp.  135-141).  Blacksburg,  Virginia: 
INFORMS. 

Banks,  J.,  &  Gibson,  R.  R.  (1997,  September).  "Don't  Simulate  When:  10  Rules  for 
Determining  when  Simulation  Is  Not  Appropriate".  HE  Solutions  . 

Banks,  J.,  Carson  II,  J.  S.,  Nelson,  B.  F.,  &  Nicol,  D.  M.  (2010).  Discrete  Event 
Simulation  Fifth  Edition.  Upper  Saddle  River:  Prentice  Hall. 

Bonferrroni's  Method.  (2010,  June  6).  Retrieved  February  25,  2011,  from  Engineering 
Statisties  Handbook: 

http://www.itl.nist.gov/div898/handbook/pro/seotion4/pro473.htm 

Ciarallo,  F.  W.,  &  Hill,  R.  R.  (2005).  Speoial  Issue:  Modeling  of  Defense  Fogistics  and 
Supply  Chains.  The  Journal  of  Defense  Modeling  and  Simulation:  Applications, 
Methodology,  Technology ,  54-55. 

Defense  Modeling  and  Simulation  Offioe.  (2000,  November  30).  Subject  Matter  Experts 
and  VV&A.  Retrieved  January  2,  2012,  from  Verification,  Validation  and 
Accreditation  Reoommended  Practices  Guide:  http://vva.msco.mil/ 

Fisher,  R.  S.  (2011,  November  13).  Direotor  of  Fogistics  Air,  JTF-PO,  Operation 
UNIFIED  RESPONSE. 

Graves,  G.  H.,  &  Higgins,  J.  F.  (2002).  Applieations  of  Simulation  in  Fogistics  Combat 
Developments.  Proceedings  of  the  2002  Winter  Simulation  Conference,  (pp.  911- 
916). 

Jones,  M.  E.  (2011,  August  2).  Deputy  Commander/J3,  Operation  UNIFIED 
RESPONSE. 

JP  4-01.4.  (9  April  2002).  Joint  Tactics,  Tecniques  and  Procedures  for  Joint  Theater 
Distribution. 

JP  4-01.8.  (13  June  2000).  Joint  Tactics,  Techniques  and  Procedures  for  Joint  Reception, 
Staging,  Onward  Movement,  and  Integration. 


117 


AFIT/LSCM/ENS/12-04 


JTF-PO/CC.  (2010).  After  Action  Report,  USTRANSCOM  Joint  Task  Force-Port  Opening 
APOD,  Operation  UNIFIED  RESPONSE. 

Jumper,  J.  P.  (1999).  Rapidly  Deploying  Aerospace  Power  Lessons  from  Allied  Force. 
Aerospace  Power  Journal ,  7. 

Kelton,  D.  W.,  Sadowski,  R.  P.,  &  Sturrock,  D.  T.  (2007).  Simulation  with  Arena  Fourth 
Edition.  New  York:  McGraw-Hill. 

Kim,  C.  J.,  Akinbodunse,  D.  A.,  &  Nwakamma,  C.  (2005).  Modeling  Arrival  Flight 
Traffic  Using  Arena.  Proc.  of  I8th  International  Conference  of  Computer 
Applications  in  Industry  and  Engineering,  (pp.  9-14). 

Kuppinger,  A.  (2011,  August  30).  Commander,  690th  Rapid  Port  Opening  Element, 
J3/Surface,  Operation  UNIFIED  RESPONSE. 

Legato,  P.,  &  Mazza,  R.  M.  (2001).  Berth  Planning  and  Resources  Optimization  at  a 
Container  Terminal  via  Discrete  Event  Simulation.  European  Journal  of 
Operational  Research  ,  537-547. 

McKinzie,  K.,  &  Barnes,  J.  W.  (2004).  A  review  of  strategic  mobility  models  supporting 
the  defense  transportation  system.  Mathematical  and  Computer  Modelling  ,  839- 
869. 

Montgomery,  D.  C.  (2009).  Design  and  Analysis  of  Experiments  (7th  Edition).  Hoboken, 
NJ:  John  Wiley  and  Sons  Inc. 

Panned,  D.  J.  (1996).  Sensitivity  analysis  of  normative  economic  models:  theoretical 
framework  and  practical  strategies.  Agricultural  Economics  ,  139-152. 

Schmeiser,  B.  (1999).  Advanced  Input  Modeling  for  Simulation  Experimentation. 
Proceedings  of  the  1999  Winter  Simulation  Conference,  P.A.  Farrington,  H.B. 
Nembhard,  D.T.  Sturrock,  and  G.W.  Evans,  eds.  (pp.  110-115).  West  Lafayetter, 
Indiana:  Institute  of  Electrical  and  Electronics  Engineers. 

Stieglemeiere,  A.  T.  (2006).  A  Discrete-Event  Simulation  Model  For  Evaluating  Air 
Force  Reusable  Military  Launch  Vehicle  Prelaunch  Operations.  Wright  Patterson 
Air  Force  Base:  Air  Force  Institute  of  Technology. 

USTRANSCOM.  (2009,  January  1).  Joint  Task  Force-Port  Opening  Concept  of 
Operations.  Scott  Air  Force  Base,  Illinois,  United  States:  Strategy,  Policy, 
Programs  and  Logistics  Directorate. 

Wahwork,  E.  D.,  Gunn,  K.  S.,  Morgan,  M.  L.,  &  Wilcoxson,  K.  A.  (2010).  Operation 
UNIFIED  RESPONSE,  Air  Mobility  Command's  Response  to  the  2010  Haiti 
Earthquake  Crisis.  Scott  Air  Force  Base,  Illinois:  Office  of  History. 


118 


AFIT/LSCM/ENS/12-04 


Yildirim,  U.  Z.,  Tansel,  B.  C.,  &  Sabuncuoglu,  I.  (2009).  A  multi-modal  discrete-event 
simulation  model  for  miltary  deployment.  Simulation  Modeling  Practice  and 
Theory ,  597-611. 

Zahn,  J.  A.  (2007).  Airbase  Opening:  A  Joint  Perspective.  Maxwell  Air  Foree  Base:  Air 
War  College  Air  University. 


119 


AFIT/LSCM/ENS/12-04 


Vita 

Captain  Ryan  S.  Fisher  is  a  Logistics  Readiness  officer  in  the  United  States  Air 
Force.  He  enlisted  active  duty  Air  Force  August  1998  and  entered  the  Community 
College  of  the  Air  Force  where  he  earned  Associate  of  Applied  Science  degrees  in 
Transportation  and  Instructor  of  Technology  and  Military  Science  in  2005.  Furthermore, 
he  entered  undergraduate  studies  at  Embry  Riddle  Aeronautical  University,  Worldwide 
Campus  where  he  graduated  with  a  Bachelor  of  Science  degree  in  Professional 
Aeronautics  with  minors  in  Logistics  and  Management  in  2007.  He  was  commissioned 
through  Officer  Training  School  August  2007. 

His  first  assignment  was  to  Ramstein  Air  Base,  Germany  assigned  to  the  86th  Air 
Mobility  Squadron  where  he  performed  the  duties  of  Air  Transportation  Specialist  from 
December  1998  to  July  2004.  While  stationed  there,  he  deployed  on  numerous  occasions 
to  establish  air  bases  in  austere  locations  for  Operations  ALLIED  FORCE,  ATLAS 
RESPONSE,  ENDURING  FREEDOM  and  IRAQI  FREEDOM.  His  next  assignment 
was  to  Fort  Dix,  New  Jersey  assigned  to  the  United  States  Air  Force  Expeditionary 
Center  where  he  performed  duties  of  Course  Director  of  the  Joint  Inspection  Instructor 
Qualification  course  from  August  2004  to  May  2007.  While  stationed  there,  he 
performed  1,085  hours  of  Community  College  of  the  Air  Force  instruction  and  conducted 
two  instructional  system  development  course  rewrites.  Capt  Fisher  was  next  sent  to 
Officer  Training  School  with  a  follow-on  to  McGuire  Air  Force  Base,  New  Jersey  to  be 
assigned  to  the  817th  Global  Mobility  Squadron  where  he  performed  duties  as  the 
Assistant  Director  of  Operations  from  August  2007  to  August  2010.  While  stationed 


120 


AFIT/LSCM/ENS/12-04 


there,  he  deployed  in  response  to  the  7.0  magnitude  earthquake  that  devastated  Port-au- 
Prinee,  Haiti  to  establish  distribution  operations  and  maximize  the  throughput  of 
humanitarian  assistanee  eargo. 

In  September  2010,  he  entered  the  Graduate  Sehool  of  Engineering  and 
Management,  Air  Eorce  Institute  of  Technology.  Upon  graduating,  he  will  be  assigned  to 
the  6th  Special  Operations  Squadron  Hurlburt  Air  Eield,  Elorida. 


121 


AFIT/LSCM/ENS/12-04 


REPORT  DOCUMENTATION  PAGE 

Form  Approved 

OMB  No.  074-0188 

The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  the  collection  of  information,  including 
suggestions  for  reducing  this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway, 
Suite  1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  an  penalty  for  failing  to  comply  with  a  collection  of 
information  if  it  does  not  display  a  currently  valid  0MB  control  number. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 

1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE 

22-03-2012  Graduate  Thesis 

3.  DATES  COVERED  (From  -  To) 

Sep  2010 -Mar  2012 

4.  TITLE  AND  SUBTITLE 

A  Simulation  To  Evaluate  Joint  Military  Logistics  In  A  Humanitarian  Assistance 
Environment 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Fisher,  Ryan,  S.,  Captain,  USAF 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAMES(S)  AND  ADDRESS(S) 

Air  Force  Institute  of  Technology 

Graduate  School  of  Engineering  and  Management  (AFIT/EN) 

2950  Hobson  Street,  Building  642 

WPAFB  OH  45433-7765 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

AFIT/LSCM/ENS/12-04 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

HQ  USTRANSCOM  J5/4-SS 

Attn:  Mr.  Jeffrey  Ackerson 

508  Scott  Drive,  Scott  AFB,  IE  62225-5357 
e-mail:  Jeffrey.Ackerson.ctr@usfranscom.af  mil  DSN:  770-4814 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 

NUMBER(S) 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 


DISTRIBUTION  STATEMENT  A:  APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED. 

13.  SUPPLEMENTARY  NOTES _ 

14.  ABSTRACT:  Currently,  no  capability  exists  to  simulate  and  measure  a  Joint  Task  Force-Port  Opening  (JTF-PO)  operation  in  a 
safe,  cost-effective  manner  in  order  to  predict  cargo  throughput  based  on  the  availability  of  resources.  The  purpose  of  this  research  is 
to  create  a  decision  model  through  the  use  of  Arena®  simulation  software  to  provide  United  States  Transportation  Command 
(USTRANSCOM)  decision  makers  the  ability  to  predict  cargo  throughput  under  a  Humanitarian  Assistance/Disaster  Response 
(HA/DR)  scenario.  The  data  used  in  the  construction  of  this  simulation  was  taken  from  the  JTF-PO  involvement  in  Operation 
UNIFIED  RESPONSE,  Port-au-Prince,  Haiti  2010.  This  research  uses  a  design  of  experiments  approach  to  statistically  plan  and 
measure  the  throughput  of  cargo  based  on  the  adjustment  of  working  and  distribution  maximum  on  ground  (MOG)  resources.  The 
resulting  simulation  model  provides  decision  makers  the  ability  to  allocate  multiple  JTF-PO  resource  quantities  to  determine  potential 
bottlenecks  in  cargo  throughput  in  order  to  plan  for  future  operations. 


15.  SUBJECT  TERMS:  Humanitarian  Assistance,  Disaster  Response,  Multi-Modal,  Distribution  Management,  Cargo  Throughput, 
Discrete-Event  Simulation,  Arena®  Simulation,  Joint  Task  Force-Port  Opening,  Decision  Model,  Operation  UNIFIED  RESPONSE, 
Contingency  Response  Group,  Rapid  Port  Opening  Element _ 


1  16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION  OF 

18.  NUMBER 

19a.  NAME  OF  RESPONSIBLE  PERSON 

ABSTRACT 

OF 

William  A.  Cunningham,  Ph.  D. 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

PAGES 

19b.  TELEPHONE  NUMBER  (Include  area  code) 

u 

u 

u 

UU 

138 

(937)  255-6565,  ext  4283;  e-mail:  William.Cunningham@afit.edu 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39-18 


122 


